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FTER having niſpateh'a the Mat: 
ters of pure Aſtronomy, we pro- 
ceed unto the other Purt of our 
Work, the Philoſophy of che Fa- 
mous Sir Iſaac Newton. For we are 
purpos d to trace the Steps of that 


Great Man, and to ſet forth his principal and, 


moſt noble Philoſophical Inventions in a more 
ealy Method; that ſo we may bring that (as I may 
ſay) Diving: Philoſophy within the Reach and 
Comprehenſion of thoſe, who are but indifferent- 
ly perhaps exercis'd in che Mathemarticks,7-and 
communicate the Knowledge thereof: as far as 
may be. Bur ſince that it is neceſſary for any one 
that would undertake this Philoſophy, - that be- 
ſides ſome Knowledge of Geometry, Arithmetic, 
and Aſtronomy, he "ſhould aifo be furniſh'd with 


the Knowledge of the true Laws of Motions ; 


and eſpecially ſhould underſtand ſomething of the 
Nature ,and .Properties of thoſe Curve Lines, 
which are called the Conic Sections; the Nature 
of our Purpoſe, which, as was ſaid, was to di- 
rect our ſelves chiefly 'ro Mathematicians of the 
$i 2 lower 


— 
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lower Form, and who only underſtand the firſt 


Elements of Geometry and Aftronomy ; there- 
fore tis requir'd of us, that we ſhould in the Be- 
ginning touch upon, and in ſome meaſure-expli- 
cate , as well the Conic Sections, as the of late 
demonſtrated Laws of Motion; that no one 
through his being ignorant of theſe Things, may 
loſe his Labour in his Study of that Philoſophy 
which we have now in hand. For indeed, as to 
the firſt Laws of Motions and Colliſions, Des Car- 
tes was ſo miſerably miſtaken about them, when 
he went about to eſtabliſh them, and hath ſo bold- 
ly impos'd upon the World falſe Rules concern- 
ing Colliſion and Reflection of Bodies, that it is 
worth the while to endeavour to root ot of the 
Minds of Men the Prejudices which have ſprung 
from thence. , «1.94 4 

We ſhall therefore begin with the Conic Secti- 
ons; and before we go about any thing elſe, give 
ſome Knowledge and Underſtanding of thoſe 
Lines which are interwoven with all the Philo- 
ſophy of the Famous Newton, who ſhews that all 
the Paths, whether of the Planets or Comets of 
our Syſtem, are according to ſome or other of the 
ſaid Sections. But we ſhall not ſpend ſo much 
Time about this Matter, as to deliver the Conic 
Elements in any other than a ſummary Way, or 
otherwiſe than by bringing into View out of the 
Writers of Conics, and eſpecially the Famous De 
La Hire, the Natures, and chief Properties, and 
Affections of theſe Curve Lines without their 
Demonſtrations, aſſuming them for demonſtrated. 
And foraſmuch as although the ſaid Lines may be 
ſet forth by mere Delineations in a Plane, as will 
be done afterwards ; yet the Geometricians, as 
well the Moderns as thoſe of old, have for the 


moſt part expounded them by the Sections of a 
Cone x 


* A 
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Cone; and becauſe alſo theſe Curves can in no 
other, Way be ſhew'd all together, and at once; 
and conſequently, the mutual Relation and Cog- 
nation which is betwixt them, cannot in any 
other way of explicating them be ſo clearly made 
known :. For theſe Reaſons, I ſhall, in che firſt 
place, open the Natures of theſe Lines, and ſet 
them forth by the Sections of a Cone, propoſin 
to explicate them by Delineations on a Plane af 
ter wards, » | | | : 
If you take any immoveable Point without a 
Plane in which a. Circle is deſcrib'd, and imagine 
a righ Line drawn through that Point, and pro- 
due d infinitely both ways, to be mav'd about the 
Circumference of the Circle, the Superficies 


which will ariſe from.this Motion, is called a Co- 


nical Surface; and the Surfaces on both Sides the 
immoveable Point taken conjunctly, are termed 
Surfaces vertically oppoſite : The immoveable 
Point, common to both, is nam'd the Vertex; the 
Circle, the Baſe ; and the Solid comprehended un- 
der the Conical Surface and the Baſe; and which 
may be ſuppos d to be inſinitely produc'd, is called 
a Cone; to which Solid, that generated beyond 
the Vertex is both equal and like, The Right 
Line, which is drawn from the Vertex to the 
Center of the Circle which is the Baſe, is the 
Axis of the Cone: Which Right Line, if it be 
rpendicular to the Plane of the Baſe, the Cone 

is called a; Right Cone; but if not, an Oblique 
or Scalene one. Further, a Plane howſoever po- 
ſited, ſo chat ir paſſeth not through the Vertex it 
ſelf, doth, cut the Conie Superficies, and is called, 
A Secant or Cutting Plane ; and another Plane 
which doth paſs through the Vertex, and is every 
where, Parallel to the Secant, goes by the Name 
of the. Vertical Plane ; and that Curve Line 
| 'B 2 which 


Side of the Cone, the other Extreme of the El 


clination of the Cutting Plane being never ſ 
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which the Conic Superficies deſcribes in the Cut: 


ting Plane, is called a Conic Section; which 
Section varies according to the different Inclina- 


tions of the Cutting Plane to the Cone. 


Hence will ariſe three Caſes: (1.) When the 
Vertical Plane toucheth the Conical Surface or 


Surfaces, and then the Section in the Cutting 


Plane is called a Parabola. (2.) When the Verti- 
cal Plane neither touches nor cuts either of the 
Surfaces, then the Section is called an Ellipfis. 
(z.) When the Vertical Plane cuts one of the Sur- 


faces, and conſequently the other, then the Se- 


cant Plane alſo cuts both Surfaces, ( ſince it is 


Parallel to the Vertical one) and the Sections 
are called Hyperbolg, Oppoſite, or oppoſite Sections. 


If therefore the Secant, and the Vertical Plane, 
be ſo mov'd round in a Paralleliſm each to other, 
that tte Vertical Plane doth ſometimes cut the 
Baſe. ſometimes touch the Conic Superficies, 
ſometimes is placed wholly without the Cone ; 
It is manifeſt, that by thoſe Conical Superficies, 
divers Species of Hyberbola's, divers Parabola's, 
and divers Species of Ellipſis, will be delineated 
in the Secant Plane. And moreover we plain 
ſee, what a near Affinity there is betwixt all theſe 
Lines. For if the Section be parallel to the Baſe, 
or even in a Scalene Cone, if it be ſubcontrarily 
poſited, it will be a Circle ; which. therefore is 
deſervedly reckon'd-amongſt the Conic Sections, 
as being one of the Extremes of the Ellipſis; from 
which then, if you proceed by a gradual Change 
of the Inclination of the Cutting Plane, there 
will be produc'd infinite Species of Ellipſes ; until 
at length the Inclination becoming Parallel to the 


lipſis paſſeth into a Parabola. But then the In- 


little 
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little changed further, there will ariſe an Hyper- 
bola ; of which there are infinite Species, accord- 
ing to the divers Inclination of the Vertical Plane 
within the Cone. So that the Ellipſes do on this 
Side end in a Circle, and on that in a Parabola ; 
the Parabola on this Side in an Ellipſis, and on 
that in an Hyperbola; the Hyperbolz on one part 
in 2 Parabola, and on the other in a ſtrait Line. 
But becauſe the Conical Delineation of the Regu- 
lar Curves may ſeem too difficult to many, I ſhall 
purſue it no farther, but proceed to that Expoſition 
of theſe Lines, which is us'd by Cartes and others, 
and is perform'd by an eaſy Delineation of them 
upon a Plane. | 

For a right Conception therefore of the Pro- 
duction and Nature of an Ellipſis, let (Plate 1. 
Fig. 1.) H and I be two Points, or two Nails or 
little Pegs, about which let there be put a Thread 
BHI ; and then putting your Finger, or a Pin, to ' 
the Thread, and keeping the ſame always in an 
equal Tenſion, move your Finger round from the 
Point B, until you return to the fame Point B 
again. By this Revolution of the Point B, is de- 
ſcrib'd the Curve Line, called the Ellipſis, which 
differs from the Delineation of a Circle only in 
this, that a Circle hath only one Center, but the 
Ellipſis hath, as it were, two Centers; which in- 
deed, if the ſaid Points H and I, their Diſtance 
vaniſhing away, ſhould come together into one, the 
Elliptic Curve would become perfectly Circular. 
But by how much the greater the Diſtance is be- 
twixt thoſe Points, the ſame Length of the 
Thread ſtill remaining; ſo much the farther is this 
Figure remoy'd from the Circular. So that ac- 
cording to the divers Proportion of the Diſtance 
HI to the Thread BHI, or to the Line DK, which 


is equal to the ſame Thread made leſs by the 
B 3 HDifſtance 
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Diſtance HI, divers Species of Ellipſes will be 
deſcribed. But then, if the Length of the Thread 
{ball be increas'd or diminiſh'd, in the ſame Pro- 
portion as the Diſtance of the Points H and I 
ſhall be increas'd or diminiſh'd, there will be de- 
ſcrib'd indeed divers Ellipſes, but which are all of 
the ſame Species, or like to one another, From 
whence it appears, that Ellipſes are not only in- 
numerable in Magnitude but in Species alſo, and 
reach from a Circle to a Right Line : For like as 
when the Points H and I meet together, the Ellip- 
ſis becomes a Circle; ſo when they are remov'd 
from each other half the Length of the Thread, 
it becomes a Right Line, both Sides meeting to- 
gether. From whence alſo it is manifeſt, that 
every Species of Ellipfes is no leſs different from 
any other, than the Extremes of them are diffe- 
rent on this Side from a Circle, and on that from 
a Right Line. Ir alſo appears from this Delinea- 
tion, that if from a Point taken at Pleaſure in the 
Elliptick Periphery, as the Point B, you draw two 
Lines to the two Central Points ; theſe two Lines 
BH and BI taken together , will be equal to the 
greateſt Diameter DK; and conſequently that 
the Sum of them is always given: Which thing 
the Conſtruction it ſelf ſhews, For that Part of 
the Thread, which is extended from T to B, and 
from thence back to H, is the ſame with that 
which returneth from I to FE, and from thence 
back to H; and again, that Part of the Thread 
which reaches from D to H, is the ſame with that 
which reacheth from K to I, or DH is equal to 
IK; therefore IB E- BH, which by the former is 
equal to ID + DH, is equal to ID Y- IK, that 
is, to KD. ... | 
And thus much for the Production of the Fi- 
gure in a Plane; we ſhall now ſubjoin the W 
| 0 
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8 of the chief Lines in it, and the moſt notable 
d Properties thereof; ſo as to give ſome Sort of 
P Knowledge at leaſt of this moſt Noble Curve, for 
I the more- right underſtanding true Aſtronomy, 
th and the Courſes of the Planets. 

of In Fig. 2. Plate 1. DFKR is an Ellipſis; C 
m the Center; the Points H and I, the Foci 
a- thereof; DK the greater Axis, or the Tranſvers 


id Axis, or the principal Diameter, or Latus tranſ- 
as verſum, the Tranſvers Side; FR is the leſſer Axis: 
p- All the Right Lines paſſing through the Center 
d C are Diameters: All Right Lines terminated at 
d, the Periphery, and which are divided into two 
o- equal Parts by any Diameter whatever, are called 
lat Ordinates, or Lines orderly applied, to wit, with 


m reſpe& to that Diameter. Thus MG paſſing 
fe- through the Center, is a Diameter; and PK which 
"mM is divided into two equal Parts by the ſame, is an 
21 Ordinate thereof, or a Line orderly applied there- 
he to. That Part of every Diameter, which is in- 
WO tercepted betwixt the Vertex thereof and the Or- 
nes dinate, as My, is call'd the Abſciſſa or Abſciſs 
the thereof, (as being cut off from the ſame Diame- 
hat ter:) A Line drawn from the Vertex of the Dj- 


ing ameter, parallel to the Ordinates thereof, as 10, 
of is a Tangent to the Ellipfis in that Vertex. A 
ind Diameter parallel to the Ordinates of another Di- 
hat MY ameter, and which conſequently hath irs Ordi- 
ace WM nates parallel to the former Diameter, is term'd a 

Conjugate Diameter. Thus GM and VT are 


conjugate each to other, and the Ordinate PK is 


to parallel to the Diameter VT, and the Ordinate 
r is RE to the Diameter GM. The Ordinate to the 
that greater Axis, which paſſeth through either of the 


Foci, as MA in the firſt Fig. is term d the prin- 
cipal Latus rem, or the Parameter of the greater 


Axis. 
B 4 Now 
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| Now the moſt notable Properties of this-Ejlip; 
ſis are theſe: (I.) The Ordinates of every Dia- 
meter, which by the foregoing Definitions art 
biſected by the Diameter, are parallel each ro. 
other. 


cular to the Axes themſelves: But the Ordinates 
of the reſt of the Diameters are oblique to-their 
Diameters ; and in Ellipſes of divers Species, ſo 
much the more oblique, at equal Diſtances from 
the Axis, by how much the Proportion of the 

reater Axis to the leſſer is the greater; but in the 
12 me Ellipſis, ſo much the more oblique, by how 
much the more remote the Diameters are from the 
Axes. 

(3.) There be only two Conjugate Diamirets, 
which are equal each to ather ; thoſe, to wit, 
whoſeVertices are at equal Diſtances from the Ver- 
tices of the Axes. Thus the Diameter VI 
is conjugate and equal to that other GM, where, 
to wit, VF is equal to MF, and VD equal to 

K. 


M 

(4.0 The obtuſe Angle VCM of theſe, two Di- 
ameters, which are conjugate and equal, is great- 
er, and the acute Angle VCG is leſs than every 
other Angle contain'd. by. the reſt of the Diame- 
ters that are conjugate to each other. . 

(5. If the Lines P and B be Semi-ordinates 
to any Diameter, as MG; the Square of the Se- 
mi-ordinate P is to the Square of the Semi: ordi- 
nate » B, as is the Rectangle Mu x G to the 
auge My x»G that is, 4 ꝗ is to the Re- 

angle comprehended under the two Parts, into 
— the Diameter is divided by the, Ordinate 
KP, as »Bq is to the Rectangle — the hive bh 


the n made by the Ordinate AB. 
LG: (6,) 105 


(2.) The Ordinates of the Axes are perpopdi ; 


NE 1 9 
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(6.) The Parameter, or Latus redtum of any 
Diameter is a third Proportional to that Diame- 
ter, and its Conjugate. That is (in Figure x.) M 
the Diameter D K, is to its conjugate Diameter 
EF, as EF to. X, than X is the Parameter or 
Latus rectum of the, Diameter D K. Whence 
A M. an Ordinate to the Axis thro' the Focus, is 
as above, equal to the principal Parameter, and 
is a third Proportional after the greater and leſſer 
Axis. For the Axes are the principal Pair of con- 
jugate Diameter, CRIT” 


(.) The: Square of _ Semi-ardinate, 25 


M I in the firſt Figure is leſs than the Rectangle 


made of any Abſciſs whatever, as I K drawn in- 


to the Latus rectum of its own Diameter, or than 


IKX X. And in the other Figure, P#q is. 
leſs than the Rectangle made of the Abſciſs 


Mu, and the Latus rectum of MG. From which 
Defect, or ue this Section hath its Name. 
(8. If from any Point, as B in the firſt Figure, 
you draw, the right Lines BH and BI to the 


Foei, the Sum of them will be equal to the great- 


er Axis, as was ſhew'd above. And if the Angle 


IB'H comprehended by thoſe Lines be biſe&ed 


by the right Line ba; the Line à is perpendi- 
cular to the Tangent VB in the Point B, that is, 
to the Curve in the Point of Contact, - - + » 


(9) The Curvature, with reſpect to the Cen- 
ter of the Ellipſis, is at divers Diſtances from that 
Center in the Quadruplicate Proportion of thoſe 


Diſtances directly: As, if C K be double of CE, 


the Curvature in the greater diſtance K, ſhall be 


to the Curvature in the leſſer diſtance F, as 16 Js 
to 1; and if CK be Treble, C F, the 9 We" 
tute in- K, will -b& to that in F. as r to 1. 


ſo of the reſt, Indes 0 


do rien 
IG (t0.) The 
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10. The Curvature of the Elliptic Arches,with 
reſpect to the Focus, is in divers Diſtances 
from that Focus, in the ſimple Proportion of the 
Diſtance directly. Thus, if HD be half of HK, 
the Curvature at D,if you reſpe& the Focus ; XH 
will ke half of that at K, reſpecting the ſame 
Focus, and ſo of the reſt. And the Thing is the 
ſame in a Parabola and Hyperbola. N 

(r1.) The Diſtance of a Body turn'd round 
in an Ellipſis, about the Focus H, from the ſame 
Focus, is the greateſt of all in the Point K, leaſt 

of all in the Point D, and mean in the Points E 
and F; and that mean diſtance HF is equal to 
the greater Half- Axis DC or CK ; as is mani- 
feſt from the Production of the Ellipſis. 

+ (x2.) The vaniſhing Subtenſe of the Angle of 
ContaR, parallel to the Diſtance from the Focus, 
at an equal perpendicular Interval from that di- 
ſtance, always remains given and unvaried in the 
ſame Ellipſis, yea and in the ſame Parabola and 
Hyperbola too. Thus if d Z be always given, 
gd alſo will always remain given in a diſtance 
infinitely ſmall. wad. 

(13.) The Area of the Ellipſis is to the Area 
of the Circle circumſcrib'd, as the leſſer Axis is 
to the greater ; and ſo are all correſpondent Parts 
whatever amongſt themſelves, as MIK, mIK; 
and the Ordinates to the greater Axis, as MI are 
divided by the —_— Periphery always in the 
ſame Proportion; ſo that MI is to m always 
in the ſame Proportion ; to wit that of the lefler 

Axis to the greater. And we are to reaſon in the 
| — manner concerning a Circle inſcrib'd in the 
4 Ilipſis. 7k x , 

(. 4.) All -Parallelograms deſcrib'd about the 
conjugate Diameters of the Ellipſis, and compre- 
hending the Ellipſis, are equal. Thus the Paralle- 
. logram 


** fr F 


/ 
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logram 4657 is equal to that other ; and thus 
it is every where. 

(IF.) If a right Line always paſſing through 
one of the Foci be ſo movy'd, that the Elliptic 
Area deſcrib'd by the ſame is proportional to the 
time; the Angular Motion of a right Light 
drawn from the other Focus to the former Line, 
will be almoſt equable. Thus in the former Fi- 
gure, if the Angular Motion of the Line HB 
be ſo attempered, that the ſame being according 
to the reciprocal Proportion of the Diſtance ac- 
celerated or retarded,doth deſcribe the Area DHB 
proportional to the time, the Angular Motion 
K I B, about the other Focus I will be almoſt 
proportional to the time, and conſequently wich- 
out any notable Acceleration or Retardation, and 
nearly equable ; that is to ſay, where the Ellipſes 
doth not differ much from a Circle. 


Feb. 7. 170j- 
L E CT. II. 


— O paſs now from the Ellipſis to the 
FLOP Parabola, let DI be an Infinite +, 5 


Line, and I L another perpendicular 
27 to it. Then there being taken in the 
| Line DI any Point F, Jet the Line 
FI be biſected in the Point T. And let there be 
taken Two Threads joined together in the Point 
T, one TI, the other TF. And let a Pin fixed 
to the Threads in the Point T be moved to the 
Right and Left, in ſuch a manner, that when the 
Pin is in any other Poſition as in P, the a - 


— * — 
2 — 2 OO 
— - * 5 
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TI which here becomes PL be always perpen- 
dicular to IL, or, which is the ſame Thing paral- 
lel to DI, but equal to the Thread T F, which 
in this Caſe becomes P F, ever paſſing thro” the 
Point F. And the Curve thus generated by the 
Pin, infinitely produced both ways, is called a 
Parabola. In which g Pi TsRo is the Peri- 
phery ; ID the Axis or principal Diameter ; 
F the Focus. The Point T the principal Vertex ; 
an Ordinate to the Axis through the Focus is 
equal to the principal Latus Rectum. All right 
Lines n i, or RZ Parallel to the Axis, are Diame- 
ters, as dividing the Lines i h and K T which are 
Parallel to the Tangents at their Verttices into 
Two equal Parts; and they are called Diameters 
belonging to the Vertices in which they termi- 


nate, as T, i. 7; 
Now the principal Properties of a Parabola 


are theſe. 

(1.) Every Diameter or right Line parallel to 
the Axis, biſects all the Lines within the Figure 
which are parallel to the Tangent of the vertical 
Point. Which biſected Lines are as hath been 
ſaid called Ordinates. | 

(2.) The Ordinates of the Axis are perpendi- 
cular thereto :. But the Ordinates of the reſt of 
the Diameters are oblique to their Diameters; and 
ſo much the more oblique, by how much the 
Vertex of the Diameter is further remov'd from 
the principal Vertzx of the Parabola. 

(3.) The Latus rectum, or Parameter to every 
Diameter, is a third Geometrical Proportional 
after any abſciſſe and its ſemi-ordinate ; that is 
the Latus rectum of the Diameter (i n), or that of 
the Vertex (i) is y, if it be thus; as the Abſciſs 
(iq) is ee (ꝗ k) fo is that Semi- 


ordinate (ꝗ k) to 7. 5 
| | „ 
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(A.) The principal Latus rectum, or that belong- 
ing to the Axis, is equal to the Ordinate (h i) paſ- 
ſing through the Focus; and fourfold of F T, the 
leaſt diſtance of the Focus from the principal 
Vertex. | | 

(F.) The Latus rectum belonging to any Vertex 
or Diameter, is alſo fourfold of the diſtance of 
that Vertex from the Focus. Thus the Latus rea 
dum of the Vertex s is fourfold Es, and fo it is 
every where. | ** 1408 

(6.), The diftance, of any Vertex or Paint in 
the Pargbola whatſoever from the Focus, is equal 
to the leaſt diſtance of the ſame from the Line 
LL, which is perpendicular to the Axis, and is 
diſtant from the principal Vertex by a Quarter of 
the principal Latus rectum. For by the Conſtru- 
ction, the Line FP is equal to PL. 

(.) The Square of every Semi-ordinate, - 2s 
(gk) is equal to a Rectangle made of the Latus 
redum, of the ſame Vertex as Y, and (i q) the 
Abſciſſe of the Diameter of the Vertex. And 


* * * 


| 
i 
| 
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(9. The Angle comprehended by any Tangent 
whatever, and a Line from the Focus, is equal to 
an Angle comprehended by the ſame Tangent, 
and any Diameter or the Axis, Thus the Angles 
IiFand pin are equal. From whence indeed, 
(which thing is to be noted by the way) all the 
Rays of Light which fall upon the Concave part 
of the Surface produced by the Convolution 
of the Parabola about the Axis, which fall, I ſay, 
upon the fame Parallel to the Axis, will be re- 
flected from a Concave. Paraboloid Figure to 

the Focus E, and will beget there a moſt vehement 
burning; from which Property indeed the Point 
F hath the Name of Focus; and hath communi- 
cated the ſame Name to the like Points in an 
Hyperbola and Ellipſis. 5 

5 A Parahola, like as an Hyperbola, do 
not encloſe a Space, but is ſtretched forth in in 
uitum. ehe >. (of ry) 

(11.) A Parabolic Curve always tends more 
and more in infinitum to a Paralleliſm with its Di- 
ameters, but can never reach ther eto. 

- (12.) If two Parabolz's be deſcribed with the 
ſame Axis and Vertex, the Ordinates to-the com- 
mon Axis will be cut off by the Parabolz in a 

en Proportion; and the Area's comprehended 
b the ſame Axis and Ordinate, and the reſpo- 
ctive Curves will be in the ſame given Proportion 
to one another. ; ih 

(13.) Every Parabolic Space, comprehend- 
ed betwixt the Curve and the Ordinate, is to the 
Parallellogram made of the ſame Baſe and Alti- 
tude in a Subſeſquialteral Proprortion, that is, as 
2 is to 3, and to the external Space in a douhle 
Propu.ion, or as 2 is to 1. So qi T is to qil 
as 2 is to 3, and to iI T as 2 is to 1. From 
whence it becomes eaſy to ſquare the Parabola. 

(14.) The 
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ne (14) The diftance betwixt the Vertex of the 
to Axis, and the Point where any Tangent what- 
it, Never interſects it, as I, is equal to the Abſciſs of 
es che Axis which belongs to the Ordinate apply d 
d. from the Point of Contact. So TI is equal to 
he TF; and thus it is every where. 
rt (15.) All Parabolæ's are like, or of the ſame 
on Species; as are allo all Circles. F: 

(16.) If a Diameter be continued through the 
Point of meeting of Two Tangents , this Di- 
ameter will biſe& the Line that joins the Con- 
tacts. Which Property of the Parabola is like- 
_ to be applyed to the Ellipſis and Hyper- 


Karts: "+ art; 

And thus much for the Parabola.We now come 
to the Hyperbola (Fig. 4. Plate 1.) Take a Staff 
or Rule of a ſufficient Length as I B, let I and 
H be two Central Points anſwering to the Fo- 
ci of an Ellipfts, in which let Nails be faſtned; 
| chen there being tied to one end of the Stick 2 
Rope or-Thread, twofold ſhorter than the Stick, 
let the other end thereof be bor'd through, and 
ſo fixed upon the Nail I; but as for the other end 
of the Rope let it be fixed by a Knot upon the 
other Nail H; which done, laying your Finger 
upon the Point B, Where the Rope and Staff are 
tyed together, let your Finger deſcend ſo long 
that you have thereby now applyed and joyn'd 
the whole Rope to the Staff or Rule, the Staff 
1 having been in the mean while, as it needs muſt, 
he wheel'd about the Centre I. And thus you have 
i- deſcribd by the Point B, the Vertex of the An- 

A gle H Bl, a Curve Line, X BD which is part 
ble of an Hyperbola ; the whole conſiſting of that 
11 Curve wich will reſult from the Curve X BD, 
of which hath added to it the Curve Y. D, the Pro- 

duct of the Rule and Work as turn'd to the other 
he = _. 
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Side. Furthermore, if you transfer the Hole or 
Knot of your Rope to the Nail I, and faſten tlie 
end of the Staff upon the. Nail H, you will de- 
ſcribe another Hyperbola vertically oppoſite-to 
the former, which is altogether like and: equal 
thereto. But then, if without changing any 
thing in the Rule and Nails, you ſhall only appl 
a longer Rope, you will deſcribean Hyperbola o 
à different Species from the former; and if you 
ſhall ſtill lengthen the Rope ſomewhat, you will 
have another Sort of Hyperbola ; ungl at length 
making the Rope double in length of the Rule, 
vou will have the Hyperbola chang'd into a right 
Line. But if you alter the Diſtance of the Nails 
in the very ſame Proportion, in which you change 
the difference betwixt the Length of the Nope 
and that of the Stick; in this Caſe you will 
have Hyperbolæ mark'd out, which are altoge- Ill © 
ther of the ſame Species, but have their ſimilar Ml < 
Parts differing! in Magnitude. And laſtly, -if the ! 
Length of the Rope and Rule be equally increas'd, MF 
their. Difference in the mean while, and the In- 
terval of the Nails remaining the ſame ; not 4 
different Hyperbola either as to Species or: Mag- I 
nitude will be deſcrib'd, nor any other than a 
greater Part of theaſame Hyperbola. And this 
for the Mechanical Conſtruction of an Hyperbo- 
la in a Plane. 77 ee 
But it is to be acknowledg'd, that many Pro- 
perties of an Hyperbola are better known from 
another manner of generating the Figure; which 
Way is this: (See Fig. 5. Plate r.) Let LL and 
MM be infinite Right Lines interſecting each 
other. in any Angle whatever in the Point C: 
From any Point whatever, as D or e, let De, 
Dd, be drawn parallel to the firſt Lines, or (ec, 
- ed; ) which with the Lines firſt Ca” _ 
9 arel- 


— oem III — . 
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parallelogtams as D c Cd, or ecCd ; Now 
conceive two Sides of the Parallelogram as 
Dc, Dad, ore c, e d, to be ſo mov'd this way 
and that way, that they always keep the ſame 
Paralleliſm, and that at the ſame time the Area's 
always remain equal : That is to ſay, that De and 
ec remain always Parallel to MM, and D d 
or e d always Parallel to L1; and that the Area 
of every Parallelogram be equal to every other, 
one Side being increas d in the ſame Proportion 
wherein the other is diminiſh'd. By this means 
the Point Dor e will deſcribe a Curve · Line with- 
in the Angle comprehended by the firſt Lines; 
which is altogether the ſame as was deſcrib'd 
above, both by the Section of a Cone, and Car- 
ztess Delineation, And in like manner, in the 
Angle vertically oppoſite will be deſcrib'd a like 
and equal Hyperbola,. if ſo be the Parallelogram 
Ce Kd, equal to the former, be ſuppos'd co be 
mov'd in the ſame manner as before: Which Hy- 
perbola's are, as was ſaid: before, called oppoſite 
Sections, or oppoſite Hyperbolz, Now in ei- 
ther of the two Figures, DK is the Tranſvers 
Axis, or Tranſvers Diameter of the Hyperbola, 
or the Oppoſite Sections: The Point C is the Cen- 
ter: The Points H and I the Foci. And in the 
2d Figure, all the Lines pafling through the 
Center C, as i h are Diameters. - But if Hy- 

rbolz be deſcrib'd in the following Angles, as 

CM, MCL, thoſe Sections will be called the 
Following Sections; and if the Diſtance of the 
primary Vertex of thoſe Hyperbolæ from the 
common Center C, as C, or C, be equal to 
the Semi-tangent K, or K, at the primary 
Vertex of theſe, thoſe Sections ſhall be called 
Conjugate SeRions : And all the Figures togethet 
will be to W the Hyperbolic en 

bs, , urs 
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Furthermore, (i h) the Ordinate to the Axis 
through the Focus, is equal to the principal Latus 
rectum, or the Parameter of the Axis; and an in- 
determinate Diameter, whether of the following 
Sections, or of the former, which is parallel to 
the Ordinates of any determinate Diameter, is 
called the Conjugate Diameter of the fame : and 
hath its Ordinates parallel to the formet᷑ Diame- 
ter. Ky, 1 

And now we come to the principal Properties 
of the Hyperbola, and the oppbſite Sections, 
which are as follows: 1 A 

(1.) Any Diameter or right Line paſſing thro' 
the Center, biſects all its Ordinates ; that is, all 
the Right Lines which are terminated on both 
Sides by the Hyperbolic Periphery, and thoſe pa- 
rallelLines that are biſected by any Diameter what- 
ever, are called the Ordinates of that Diameter. 

(2.) The Ordinates of the Axis are ndi- 
cular to the ſame: But the Ordinates of the reſt 
of the Diameters are oblique to their Diameters; 
and ſo much the more in divers Species, at equal 
Diſtances from the Axis, by how much the 
Difference of the Angles including the Hy- 

rbolz is the greater; and in the fame Hyper- 
bola, ſo much the more oblique, by how much 
the Diameters are remov'd from the Axis. 

(3.) If any Lines, as Hh and Qs, be Semi- 
ordinates to any Diameter whatever, as K D; 
the Square of the Semi-ordinate 'H h is to the 
Square of the Semi-ordinate QS, as the Rectangle 
K HD H is to the Rectangle K Q, DQ: And 
ſo the Square (b n) is to the Square (a K,) as the 
Rectangle (i b h b) is to the Rectangle (ĩ a ha); 
and thus every where. 1 

(4.) The Latus rectum, or Parameter of every 

Diameter, is a third Geometrical ran 
| | cer 


4 


— ô nr 
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after the Diameter, and the Conjugate thereof, 
(or its Tangent, which is equal to it:) That is, 
the Latus rectum of any Diameter, as DK is 
Y, if it be thus; as the Diameter DK is to its 
Conjugate 67, or its equall (»#) ; ſo that Conju- 
gate 67, or that Tangent (] is to y. And as 
the Ordinate to the Axis through the Focus is the 
principal Latus reſtum, ſo it is more than Qua- 
druple of the leaſt Diſtance of the Focus from 
the Vertex. | 

(J.) The Square of any Semi-ordinate what- 
ever, as (Qr,) is greater than a Rectangle made 
of the Abſciſs DQ, drawn into the Latus rectum 
of its own Diameter, as y : And in like manner, 
the Square of the Semi-ordinate (b n) is greater 
than the Rectangle of the Abſciſs (i b) into the 
Latus rectum of the Diameter (h i.) From which 
Wefcea, or Exceſs, this Section Hath its. Name. 

(6.) If from any Point of the Hyperbola , as 
(B) in the former Figure, there be drawn Right 
Lines to both the Foci, as BH, BI, the Diffe- 
rence of theſe Lines will be equal to the Axis 
of ; as will eahly appear from the Delineation 
ic ſelf, 

(7.) If the Angle HBI, comprehended by 
Lines drawn to the Foci, be biſected by the Right 
Line E B, that Right Line will be a Tangent to 
the Hyperbola in the Point B. 

(8.) The Right Lines LL, and MM, which 
encloſe the Hyperbolæ, are Aſymptots of the 
Hyperbolz, i. e. they are ſuch unto which on 
both Sides the Curve approacheth nearer and 
nearer, but is never able to touch or coincide 
with the ſame. / 

(9.) The Species of Hyperbolz are various, 
according to the different Magnitude of the Angle 


LCM comprehended by the Aſymptots : But 
81 that 


and the Curves, will be in the ſame given Pro- 


drawn parallel to the other Aſymptot, the Lines, 
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that Angle remaining the ſame, the Species of 


the Hyperbola remains unchang'd ; but according 
to the different Magnitudes of the Parallelograms, 
by which the Hyperbolz are deſcribd, Hyper- 
bolæ of divers Magnitudes do ariſe : But if the 
Angle contain'd by the Aſymptots be a right An- 
gle, the Hyperbola is called Equilateral or 
Rectangular, and the Latus rectum of all the Di- 
amcters will (as it is in a Circle) be equal to their 5 
Diameters. And laſtly, if Hyperbolz be de- 
{crib'd about the ſame Axis, in divers Angles of Mx 
the Aſymptots, the Right Lines perpendicular to Mx 
the Axis will be cut off in a given Proportion 

by them all; and the Spaces likewiſe enclos'd by R 
the Right Lines or Ordinates, the produced Axis, ſe 


rtion. | 4 N 
af” 10.) If the Diſtances from the Center of the 
Hyperbola be taken in a Geometrical Proportion 
in one of the Aſymptots; ſo that CI, CII, CIII, 
CIV, CV, CVI, be continuedly proportional 
geometrically ; and if from thoſe Points there be 


II, II 2, III z, IVa, Vs, VIs; the Spaces I 2, 
TI 3, III 4, IVs, Vs, will be equal amongft 
themſelves. And conſequently, if that Aſymptot 
C M be ſuppos'd to be divided, according to the 
Proportion of Numbers exceeding one another in 
a natural Series, thoſe Spaces will be proportional 
to the Logarithms of all choſe Numbers. 


Feb, 14. 1703. 
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the 

An- | L E C T. III. 

or 92 ä 

Di- 8 1 . 

well | AVING now expounded ſeverally 

2 2 the Curve Lines, called the Conic 
S H dections; let us now compare thein to 


2 gether, and briefly conſider, what Affini- 
| ty there 1s betwixt them, what mutual 
Reſpect they bear to one another, and what Dif- 
ference there is among them. 
pro- Let the Point A therefore ( ſee Fig. 6 Plate 1.) 
be the Center of the Circle FXBY, and the 
the common Focus of all the Sections: | And it is 
indeed a certain Center, as it were, of all the 
ections: And the Ordinate to the Axis through 
he Focus, or Latus rectum, doth in moſt of them 


ond ore agree with the Diameter of the Circle paſ- 
ines. Ning through the Center thereof, than the Axis it 
1 * elf of the Section doth: ] Then let the Point F 


neſt e the principal Vertex of all the Sections; and 
FXBY a Circle, the Center of which Figure, 


Phe P being only an Extream Ellipſis,falls in wich the 
er in 2ci, (where XX will be, if 1 may ſo ſpeak, 
onal" Latus rectum of the Circle paſſing through the 


ommon Focus or Center, and equal to the reſt 
df the Diameters.) Let FG HI be an Ellipſis 
eſs Curve on the Vertex than the Circle is ; the 
emoter Focus of which Ellipſis is the Point C; 
H the principal Diameter or greater Axis; G1 
he leſſer Axis; ef the. principal Latus rectum, 
hich is more than double to AF, the Diſtance 
f the Vertex F from that Focus A, but leſs than 
Quadruple thereof. But it is to be noted, that 

20 C 3 another 
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another Ellipſis alſo may be drawn more Curve in 
F than the Circle ; but then-it is deſcrib'd- about 
the Point A, as the remoter of the Foci. But 
then after the greater Ellipſis, the Center thereof 
deparcing further in infinitum, there ariſeth the 
Conic Section Ld FcK, which we call a Para- 
bola ; which indeed 1s half of an Ellipſis infinite- 
ly long; the Axis whereof is the Infinite FH, 
and (cd) the Latus rectum: Which ſame is Qua- 
druple of the Diſtance of the Vertex from the 
Focus AF. As for the Curvature of the Parabo- 
la in the Vertex F, it is leſs than that of the El- 
lipſis, as is eaſy to be ſeen. Then laſtly, the 
Hyperbola Mi FIN follows, whoſe Parameter, 
or principal Latus rectum (il) is more than Qua- 


4 
druple to A F, the Diſtance from the Focus: and | 
the Curvature thereof in the Vertex E, is leſs than 
that of the Parabola, and will infinitely be di- 
miniſh'd, the Angle TE V, contain'd. by the A- f 
ſymptots, being increas d in infinitum, until at : 
length the Aſymptots falling into one Right Line,. 
the Hy perbola ir ſelf with its Aſymptots, end in f 
the Right Line OP perpendicular to the Axis. i. 
From whence it is to be noted, (r.) That the ( 
Conic Sections are in themſelves a Syſtem off e 
Regular Curves alliad to each other; and that p 
one is chang d into another perpetually, when it :; 
is either increas'd or dimimfh'd in infinitum, Thu re 
the Circle, the Curvature thereof being never ſo © 
little increas d or diminiſh'd, paſſeth into an EH (+ 
lipſis; and the Ellipſis, its Center going away in er 
finitely, and the Curvature being by that means by 
diminiſh'd, is turn'd into a Parabola : And when or 
the Curvature of the Parabola is never ſo little le: 
chang'd, there ariſeth the firſt of the Hyperbolæ ¶ to 
the Species whereof, which are innumerableſſ 2; 


will all of them ariſe orderly by a gradual Dimi 
 nutio! 
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nution of the Curvature; until the Curvature va- 


in niſhing away, the laſt Hyperbola ends in a Right 
ut Line perpendicular to the Axis. From whence 
ut it is manifeſt, that every Regular Curvature like 
ol WW to that of a Circle, from the Circle it ſelf unto 
he a Right Line, is a Conical Curvature, and is di- 
ra- ſtinguiſh/d with its peculiar Name, according to 
de the divers Degree of that Curvature. . (2.) That 
H, the Latus refam of. a Citele is double to the Di- 
wa- ance from the Vertex; chat all the Latera res 
the W of the Ellipſes are in all Proportions to that Di- 
bo- ſtance betwige the, Double and , Quadruple, ac- 
El- cording totheir different: Species ; That the Latus 
the ,:4um Of the Parabala , is juſt Quadruple to that 
cer, Diſtance ;. and laftly, that the Latera recta of 
aua, Hyperbotz are in all Proportions beyond the 
and Quadruple, according to their various Kinds. 
ban (z.) That all che Piameters in a Circle, and El- 
di- lipas intertegt one another, in the Center of the 
e A- Figure within the Section: That in the Parabola 
" at they are all parallel amongſt themſelves , and to 
Ine, the Axis; but that in the Hyperbola they inter- 


d iu ſect one another , but this without the Section, 
in the common Center of the oppoſite Sections. 
t the (4.) That the Curvature, with reſpect to the Fo- 
n of cus in all theſe. Figures, is increas'd or diminiſh'd 
chat proportionably to the Increaſe or Diminution of 
en u the Diſtance from the Focus. For although by 
Thu reaſon of the Obliquity, of the Tangents, the 
Curvature for the moſt part ſeems greater in a leſ- 
v ENI ſer Diſtance from the Focus, and leſs in a great- 
Ly 1 er ; yet the true Curvature, which is to be defin d 
neauß by the Subtenſe of the Angle of Contact, is 


when on the contrary greater in a greater Diſtance, and 
little leſſer in a leſs „ and greater or leſs in proportion 
bolz Wl to the Increaſe or Diminution of the Diſtance; 
_ as was above noted, and will be more fully open- 
ml 
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ed in the dequel. And chus much for the Conia 
Sections. DT WS 8% f 
And foraſmuch as we? ſhall make ſome ſort of 
Uſe of the Line called the "Cyeloid,” we ſhall 
I} oo ew TL. 3} 4 


9 


briefly deſcribe it. 


— 


If upon the Right Line AE ( ſee Fig. 1. Plate 2.) 
the Wheel or Circle R B O D be roll'd along, 
until the Point A, ii which i at firſt touched th 
ſaid Line, doth again after an (entire Revolution 
meet and touch the” ſamie in Ez the generating 
Cirele ABCD vill deſcribe che Line AE equal 
to its "own Periphery, and the Point A by its 
Compound Motion will deſcribe the Curve Line 
'AFE, which. is caled à Trochoid or Cycloid”; 
The Length of which Line is Quadruple to the 
Diametec-of the gefleraͤting Citcle; and the Cy 
cloida] Space comprehended by this Curve, and 
the Subtenſe A E, is triple the Are -6f the gene- 
rating Circle. Moreover, a part Whatever eſti- 
mated: from the Verte$; wy; + 1s"eyery where 
double the Chord of the 'Cirele' Fb, and the 
Tangent thereof G1 H is perpetually parallel to 
the ſame Chord F b.“ And thus much for the Cy- 
lee e 215 e 2 I nome! e 
Now after this preparatory ſhore Explication of 
the Conic Sections, we come to our pro- 
per Work: Intending to proceed next᷑ to the true 
Laws of Motion, beth thoſe commonly known, 
and thoſe which were lately found dut land eſta- 
bliſh'd'by the Famomt St Hane Newton, © 
In the ſetting forth of Whoſe Noble Inventions, 
we fhall generally make uſe of the very Word 
of that great Man; bit yer ſo; that everywhere 
we ſhall endeavour t6''explicate, | demonſtrate, 
and to make clear and plain to all, what eithet 
Words or Things ſeem wire obJcure and difficult, 
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DEFINITIONS. 


1.) ODM or Matter is an extended Sub- 
ſtance, Solid, or Impenetrable, of it 

elf merely Paſſive, and indifferent to Motion or 
Reſt; but capable of any ſort of Motion what- 
ver, and of all Figures and Forms. I call it a 
Subſtance extended, becauſe that it poſſeſſeth 
ſome part of extended Space; but Solid and Im- 
penetrable : not becauſe it cannot be penetrated 
by Space, or perchance by other incorporeal Sub- 
ances, but becauſe it is impenetrable by all other 
atter ; and upon that account it doth eminent- 
y claim the Name of Solid. I put in the Defini- 
jon [its being indifferent to Motion and Reſt] 
ot that I reckon Motion, as well as Reſt, a Thing 
plainly Negative or Privative, but becauſe the 
onception of a Body, as in Motion, is as eaſy 
nd. familiar as of a Body at Reſt. I call it in it 
elf Paſſive, becaufe we perceive nothing of Acti- 
dn or Energy, or of a Power of moving it ſelf, 
ither in its Nature or Affections; but on the 
ontrary from all the Phznomena of Motions we 
very where meet with irs meer Inactivity. But 
| ſay that it is capable of any ſort of Motion and 
of all Figures and Forms; ſince the daily Ap- 
earances in the World, and infinite Experiments, 
love ſhew this to be the Nature of it. Time, 
Space, Place, and Motion, as being things ſo well 
chown to all, ſcarce need to he defined. But how- 
ver, for the taking away ſome Prejudices out of 
ens Minds, it is very expedient, that with the 
amous Newton we ſhould diſtinguiſh theſe Quan- 
ties into Abſolute. and Relative, True and Ap- 
arent, Mathematical and Vulgar, and fo 2 2 
* . nne iin fort 
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ſort deſcribe them; which for Order's ſake ſhall 
be done in the following Definitions. 

(2.) Time Abſolute, True, and Mathemati- 
cal, is an eternal and equable Duration, com- 
pounded of Parts, ſucceeding each other in an 
immutable Order. For in it ſelf, and its own 
Nature it flows equably. Nor doth it depend on 
the Motion of Things, much leſs on their Ref, 
nor .indeed upon their Exiſtence, For whether 1 
any thing were mov'd or not, whether any 
Thing did exiſt, or nothing at all were in Being, ! 
it would be all one in this Caſe. Time flow 
equably, whatſoever relation any other Things n 
have to one another. 2 a 

(3. Relative Time, or that which is Apparent 
and Vulgar, is ſome ſenſible and external Mea- | 
ſure of Duration (whether it be by Motion, or I 
ſome other way ; whether it be Accurate, and 10 
even or uneven;) which is vulgarly uſed inſtead © 
of the true time, as an Hour, Day, Month, Year, 4 
the Duration of the World, or any Syſtem from '* 
the beginning to the End, Sc. In Aſtronomy, u 
Abſolute Time is diſtinguiſh'd from Relative, by 
the Equation of the Vulgar Time: For the Na- 
tural Days are unequal, which are nevertheleſs ; 
commonly taken for equal in the meaſuring offl = 
time. This Inequality Aſtronomers correct, that 
they may meaſure the Heavenly Motions by a 
truer Time. It is poſſible, that there may be no 
even Motion at all by which Time may be accu- 
rately meaſured. All Motions may be accelerated 
and retarded, but the flowing of abſolute Time 
cannot be chang'd. The Duration or Perſeve- 
rance of the Exiſtence of Things is the ſame 
whether their Motions be ſwift, ſlow, or none 4 
all, Conſequently this Duration is juſtly diſtin 


guiſh'd from its ſenſible Meaſures, and * 
rom 
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ſrom them by Aſtronomic Equation, For this is 
that which Aſtronomers have labour'd after; 
namely, that from the unequal Motions of the 
Heavenly Bodies, they might find an equable 
Motion about ſome Center ; from whence they 
may more eaſily and accurately meaſure Dura- 
tion, that flows equably. 

(4.) True, Abſolute, Mathematical Space, is an 
Extenſion Penetrable, Indiſcerpible, Immoveable 
Infinite, Eternal, and every where like to it ſelf. 
Whether or no ſuch an Extenſion doth really ex- 
iſt diſtin from Matter, is another Queſtion, But 
that this is the common Notion of Space with 
all, muſt be allowed by every reaſonable Man; 
and therefore, is to be taken as a Definition ; for 
ſo Geometricians do at firſt define a Circle, a 
Square, a Triangle, &. not troubling them- 
ſelves with the Queſtion, whether ſuch Figures 
do really exiſt or no. We ought therefore to lay 
down ſuch a Deſcription of Space aforehand , 
leſt afterwards there ſhould ariſe Strife about 
Words ; that we may afterwards enquire whether 
it be the Idea of a Thing really exiſtent. 

(5.) Relative Space (which, alſo as I ſuppoſe 
is commonly called Place) is the Meaſure of Ab- 
ſolute Space, or any moveable Dimenſion, which 
is defin'd and determin'd by our Senſes, from its Po- 
ſition with reſpe& to certain Bodies, and is com- 
monly us'd by the Vulgar for immoveable Space. 
As the Dimenſion of an Aereal, Celeſtial, or 
Subterraneous Space, is defined, by.its Poſition in 
reſpe& of the Earth. So Space, Abſolute and 
Relative, are the ſame in Species and Magnitude, 
but do not always remain the ſame in Number : 
That is, if we conſider the Space or Cavity con- 
tain d in any Veſſel, whitherſoever the Veſſel : 

| Ie mov 
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mov'd, the Space or Cavity included within the 
Sides thereof will always be of the ſame Nature, 
by reaſon that the nature of Space is every where 
fimilar to it ſelf ; and will remain likewiſe of the 
ſame Magnitude, becauſe of the given Magni- 
tude of the containing Veſſel. But it doth not re- 
main the ſame Space numerically, for that is 
changed perpetually by the Motion of the Veſſel. 
In like manner, if the Earth be mov'd with an 
annual Motion about the Sun, the Space of our 
Air which relatively, and in reſpect of the Earth 
remains ſtill the ſame, that is of the ſame Nature 
and Quantity, will ſometimes be one part of Ab- 
ſolute Space, ſometimes another, and ſo will ab- 
ſolutely and really be changed perpetually. For, 
indeed, as the Order of the Parts of Time is un- 
changeable, ſo likewiſe is the Order of the Parts 
of Space; although the Things which are in them 
are continually mov'd and chang'd. For Times 
and Spaces are, as it were, the Places of them- 


| ſelves, and of all: other Things; which are pla- 


ced in Time as to order of Succeſſion, and in 
Space as to order of Situation. , They are Places 
by their Eſſence, and it is abſurd to ſay that the 
primary Places can be movd. Theſe therefore 
are the Abſolute Places; and the Tranſlations 
which are from theſe Places, are the only Abſo- 
Inte Motions. But then, becauſe the Parts of 
Space cannot be ſeen in themſelves, or diſtin- 
guiſh'd from each other by our Senſes, inſtead-of 
them therefore we uſe ſenſible Meaſures ; defining 
all Places from the Poſitions of Things, with re- 
ſpe& to ſome Body which we look upon as un- 
mov'd, and their Diſtances from the ſame ; and 
eſtimating all Motions with reſpe& to the ſaid 
Places,and ſo far'as we conceive Bodies to be tranſ- 
ferr'd from them. And thus inſtead of — 
an 
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and Motions, we make uſe of Relative ; and this 
indeed not unfitly in common Affairs: But in 
Philoſophical Matters we ought to abſtract from 
the Senſes : for it is poſſible, that no Body is really 
quieſcent, to which Places and Motions may not 
in this manner be referr'd to. 

(6.) An abſolute Place is that part of the abſo- 
lute Space which the Body poſſeſſeth. 

(7.) A Relative Place is that part of Relative 
Space which a Body poſſeſſeth. I ſay that Place 
is a part of Space, not the Situation of a Body, 
or the ambient Surface as ſome have defin'd it. 
For the Place of equal Solids are equal ; and the 
ſame quantity of Matter always poſſeſſeth the 
ſame Quantity of Space, of whatſoever Figure 
or Denſity it is. As for Example, The Places of 
a Sphere, and of a Cube of the ſame abſolute 
Magnitude will be equal, or they will fill and be 
adequate to equal Places ; although the ambient 
Surfaces, by reaſon of the diſſimilitude of the Fi- 
gures will be unequal ; and ſo in all other Figures. 
Further, the Motion of the whole is the ſame 
with the Sum of the Motions of all the Parts, 
that is, the Tranſlation of the whole from its 
Place is the ſame with the Sum or Aggregate of 
the Tranſlations of all the Parts from their Places ; 
and conſequently, the Place of the whole is the 
ſame with the Sum of the Places of the Parts, and 
therefore is Internal, and in the whole Body. But 
Situations properly ſpeaking have. no Quantity, 
and cannot be ſaid to be greater or leſſer, neither 
are ſo much Places as Affections of Places. 

(8.) Abſolute Motion is a Tranſlation of any 
Body or Subſtance from one "abſolute Place, or 
immoveable Space, into another abſolute Place or 
immoveable Space. 2 

(9.) Re- 
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(9.) Relative Motion is a Tranſlation of a Bo. 
dy from a Relative Place or ſome moveable Space, 
into ſome other Relative Place, or moveable 
Space; or a transferring of a Body from the 
Neighbourhood of ſome ambient Bodies into the 
Neighbourhood of others ; or laſtly, a Tranſla. 

tion of a Body from its Situation amongſt ſome 
certain Bodies into another Situation, 

Thus in a Ship which is under Sail, the Rela 

tive Place of a Body is that part of the Ship it 
which it is; or that part of the whole Cavity 
which ſuch a Body fills ; and which conſequent 
ly is mov'd with the Ship: And the Relative Ref 
of that Body, is the abiding thereof in the ſame 
part of the Ship, or Cavity. But the true Ref 
thereof is its continuance in the ſame part of the 
immoveable Space. From whence if the Fart 
did truly reſt, the Body which relatively re 
in the Ship, would be mov'd truly and abſc 
lutely with the ſame Velocity wherewith the Shix 
is movd on the Earth. 

But if the Earth be alſo mov'd; the true ant 
abſolute Motion of the Body will ariſe, parti 
from the Motion of the Earth in the unmov' 
Space ; partly from the Relative Motions, bott 
of the the Earth and of the Body in the Ship 
and from theſe Relative Motions will ariſe a R. 
lative Motion of the Body on the Earth. So if tha 
Part of the Earth in which the Ship is, be reallflve 
mov'd towards the Eaſt with a Velocity of rxao1Mhat i 
Parts, and the Ship be carried towards the Veſt bWho! 
the Wind with a Velocity of Ten Parts; and thWhol 
Mariner walk in, the Ship towards the Eaſt witiSndea 
one Part of Velocity : The Mariner will U An 
mov'd truly and abſolutely in the unmov'd Space c: 
towards the Eaſt with x0001 Parts of VelocityMhere 
and Relatively on the Earth towards the Weſt witYre re 
Nine Parts of Velocity, | 
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LEO r. IV. 


PE have already laid down ſome Defi- 
nitions by way of Preparation to the 
> W G® Newtonian Philoſophy. We will now 
Ia 25 ſuper-add a General Scholium apper- 
1 taining to the two laſt Definitions. 
A General Sebolium.] Reſt and Motion Abſo- 
Nute and Relative, are diſtinguiſh'd one from ano- 
her by their Properties, Cauſes, and Effects. 
It is plain by what hath been ſaid, that altho | 
arthny two Bodies, each of which doth truly reſt, | 
Jo alſo reſt betwixt themſelves; yet it doth in no 
iſe follow from their reſting betwixt themſelyes, 
hat they do truly reſt: For there may be ſome 
ruly Quiefcent Body in or far beyond the Regi- 


2 


anden of the Fixed Stars, with reſpect to which both 
jartl he ſaid Bodies do change their Poſition. 

nov But from the Situation of Bodies in our Regi- 
botiſhns, in reſpe& of one another, we cannot diſco- 


er whether any. of them keep a given Poſition in 
Recipe of that remote one; and ſo true Reſt can- 
ot be defined by their Situation between them- 


reallflves. The Property of Abſolute Motion is, 
rooꝗhat thoſe Parts which keep given Poſitions to the 
t holes, participate of the Motions of thoſe 
id thEFVholes : For all the Parts of Revolving Bodies 
| witindeavour to recede from the Axis of Motion. 

in bY And the Impetus of moving Bodies ariſes from 
Spacſhe conjoint Impetus of each of their Parts: 
locityW herefore in Ambient Bodies, thoſe move which 


e relatively at reſt, And therefore true and ab- 
| ſolute 
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ſolute Motion cannot be defined by a Tranſlatiot 
from a Vicinity of Ambient Bodies, conſider da 
at Reſt. Thoſe Amblent Bodies ought not on 
to be look d upon as Quieſcent, but alſo to hy 
truly ſo: But all included Bodies, beſides thei 
Tranſlation from the Neighbourhood of Ambienf 
Bodies, alſo participate of the true Motion of 
thoſe Bodies; and that Tranſlation being takei 
away, they are not truly, but only ſeem to be a 
Reſt. For Ambient Bodies are to the included 
ones, as the outward Part of the Whole is to thy 
inward one, or as the Shell to the Kernel. Buti 
the Shell be movd, the Kernel or part of tht 


| 
Whole is alſo mov'd together, without a Tranſl: * 
tion from the Shell. | Fy 


In like manner, if a Relative Place be moved 

a Body therein plac'd is alſo mov'd; and a Body 

which is moved from a moved. Place partakes 0 

the Motion of its Place. So the Motion of any on 

walking backwards and forwards in a Ship whill 

it is under Sail, is greater or leſſer in reſpe 0 

the Earth, or Shore, according as it tends toward 

the ſame or contrary Part with the Ship. But 

he ſtand ſtill in any certain Part of the Ship, h 
partakes of its Motion, and moves with the ſam 
Celeriry : And if it tends towards the ſame pa 
of the Ship, in reſpe& of the Earth it will U 
moved ſwifter than the Ship, if to the cantrar 
flower : And ſo we ought to reaſon concernin 
the Motion of the Earth if it doth move. Ther 
fore, all the Motions which are made from mòve Hatte 
Places, are only Parts of Whole and Abſolugy pe: 
Motions ; and every entire Motion is compoundiind i 
ed of the Motion of the Body from us firſt Placfue þ 
and of the Motion of this Place from its Placed or 
and ſo on; till we come to an unmoved Place; Mot n. 
appears in the above-mentioned as 1+" e ſa 
5 | 1 ; otio 
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tio\ſorions entire and abſolute can be defined by un- 
'd 2Whnoved Places only: And therefore abſolute Mo- 
on ions are referred to unmoved Places, and relative 
to d ¶Motions to moveable Places. But Places are not 


nmoved, unleſs they all keep the ſame Poſitions 
o one another from Infinity to Infinity; and 
herefore unmoved Places always abide and con- 
itute the Space which we call immoveable. 

The Cauſes by which true and relative Motions 
Wre diſtinguiſhed from one another, are the For- 
es impreſſed on Bodies to generate Motion, 
rue Motion is neither generated nor changed, 
nleſs by a Force impreſſed on the Body it ſelf. 
or ſince any Part of Matter whatſoever is in- 
Rive and merely paſſive, it cannot be moved 
ithout ſome Force impreſſed from ſome other 
Place, nor thruſt from its State without ſome 
orce which may change its State. But relative 
otions (ſuch only as Cartes owns) may be gene- 
ated and changed without Forces impreſſed on 
he Bodies themſelves. For it is ſufficient, if 
orces be impreſſed on other Bodies, to which 
he Relation is made to alter that Relation in 


p, brhich the relative Reſt or Motion of theſe con- 
ſamW\t, if thoſe other Bodies give way. So indeed, 
; parſyccording to Cartes, it is ſufficient that the Earth 
11 b@nly be revolved, in order to the relative Motion 


f the Fixed Stars; and that the Earth will be at 
teſt, while it is carried round the Sun in the Solar 
ortex, if it is in the ſame Ambient Parts of ſubtil 
atter, altho' together with thoſe Patts it annual- 
y performs a whole Revolution in the Ecliptick, 
Ind is abſolutely moved about the Sun. Again, 
ue Motion is always changed by Forces impreſ- 
d on the moved Body. But relative Motiort is 
ot neceſſarily changed by theſe Forces: For if 
e ſame Forces are ſo ie” Os on other _— 

allo 
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alſo to which there is a Relation, that the re. th 
lative Situation be preſerved, that Relation will WB 
alſo be preſerv'd, in which the relative Motion th 
conſiſts. As if a Syſtem of Bodies be moved th 
among themſelves after what manner ſoever, and 
an equal Force act upon equal Parts of the Syſtem, 
according to parallel Lines, altho' that Force re- 
ally changes the true Motion of every Part, ne- 
vertheleſs it will not change the relative one: 
For the Poſitions and relative Motions -of the 
Parts acting equally and by parallel Lines, will 
remain among themſelves as they were before, 
Therefore every relative Motion may be changed, 
tho' the true be preſerved, (viz. by the Mutation 
of the Motions of other Bodies, ) and preſerved 
where the true is changed ; as appears from the 
laſt Example: And therefore true Motion doth 
not conſiſt in Relations of any Kind. 

The principal Effe& whereby Abſolute and 
Relative Motions are diſtinguiſh'd one from thi 
other, is a Force whereby a Body departs, or et 
deavours to depart from the Axis of the Circul: 
Motion. For in a Circular Motion barely rela 
tive, this Force is none at all; but in a true an 
abſolute one, it is greater or leſs according to tha 
Quantity of the Motion. If a Bucket, which 
hangs upon a long Rope, be turn'd round per 
petually, ſo that the Bottom of it always re 
mains parallel to the Horizon, and the Au 
of the Motion perpendicular thereto, until thi 
Rope by twiſting is become very ſtiff: The! 
fill it with Water, and let both Bucket and W: 
ter be at reſt ; then by a ſudden Force will thi 
Bucket turn about with a Motion contrary t 
the former; and by the Strings untwiſting it ſell 
it will continue in this Motion. The Surfad 


of the Water will at firſt be plain, and parallel u 
th 
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re. he Horizon, as befote the Motion of the Veſſel : 
But after the Veſſel by a Force impreſs'd on 
the Water by little and little, hath at length caus'd 
that the Water ſhould begin to be turn'd about 
ſenſibly in the Form of a Whirl-pool, as it were; 
it will depart by degrees from the Middle, and 


re · ¶ will aſcend to the Sides of the Veſſel, putting on 
ne · a Concave Form; and will aſcend with a ſwifter 
ne: Motion, more and more, until at length perform- 
the hing ics Revolutions in equal Times with the Veſ- 


el it ſelf, it comes to reſt relatively in the ſame. 


ore Now this Aſcent ſhews an Endeavour of depart- 
zed ing from the Axis of the Motion. For although 
tion the Receſſion from the Axis of the Motion be in 


t ſelf perpendicular to the Axis, yet ſeeing the 
eſſel doth in that Place hinder the actual Receſ- 
jon, the Force will be impreſs'd upon the next 
particles, and become ſenſible where it hath 
oom ; and becauſe the true Circular Motion will 
de greater in Particles which are moſt remov'd 
rom the Center, foraſmuch as it is communica- 
ed to them from the Veſſel firſt, and chiefly by 
eaſon of the greater Circles and greater Celerity 
hich is towards the Circumference, the Parts 
ore remote from the Center will recede the 
ore from that Center: And thus that Aſcent of 
e Water ariſeth from its true Circular Motion, 
nd is meaſured by its Endeavour of receding 
om the Center. And it is to be obſerv'd, that 
e true Circular Motion is in this Place altoge- 
er contrary to the relative Motion. Por at firſt, 
hen the relative Motion of the Water, with re- 
pet to the Veſſel, was the greateſt of all, for- 
{much as the Veſſel was whirl'd about, the Wa- 
r remaining almoſt unmov'd ; and conſequently 
irfacWe Water it ſelf, which is contain'd, was moſt 
el rfFviftly moy'd to the contrary Part, in reſpe& of 

che 9 the 


fel 


dies really moved. Accordingly the Stars themſelves, 
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the Veſſel, without any true Motion in it ſelf; 
then, I ſay, that relative Motion excited no En- 
deavour of receding from the Axis ; the Water as 
yet remain'd plain and Level: But after that the 
Relative Circular Motion of the Water decreas'd, 
and the True ſenſibly begun, the Aſcent to the 
Sides of the Veſſel ſhew'd an Endeavour of re- 
ceding from the Axis ; which Endeavour ſhew'd 
the true Circular Motion, more and more in- 
creaſing, until it became the greateſt, which was 
when the Water came to reſt in the Veſſel rela- 
tively. It is plain therefore, that the ſaid Endea- 
vour depends not upon a Tranſlation of the Wa- pa 
ter, in reſpect of the Ambient Veſſel. (Where the ro 
Veſſel alone is moved, and from thence a relative in 
Motion only is given to the Water.) And there- Wy 
fore true Circular Motion is not to be defined by nc 
ſuch Tranſlations. There is only one true Circu- cer 
lar Motion of every revolving Body, to which MW, ; 
one ſingle Endeavour anſwers, as its proper and ho 
adequate Effect: But relative Motions, according, 
to divers Relations to divers Bodies, and divers on 
Situations, according as this or that Body is re-Wy,; 
ſpected, are innumerable, and tend towards all, - 
Parts at once; and as it is with Relations in ge-Mhe;: 
neral, are deſtitute of all true Effects, any farther 
than they participate of true Motions. From 
whence alſo in their Syſtem, who would have the 
Heavens below the Sphere of the Fixed Stars to 
be turn'd round, and to carry the Planets along 
with them ; the Planets which relatively reſt in 
their Heavens, are notwithſtanding truly mov'd, 
as well as the Heavens themſelves: For they 
change their Poſitions according to their different 
Periods of Revolutions, which is the Caſe of Bo- 


as Parts of the Revolving Spheres, partake of thei 
| Motion 
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lotion, and endeavour to recede from the 
Axis. 

Therefore the Relative Quantities, which we 
ave now diſtinguiſh'd from the true, are not 


d, Whoſe very Quantities which they are reckon d to 
the Ie, as the Space contain'd betwixt the Walls of a 
re- W hamber, the Diurnal Motion of the Stars, &c. 
d Wt they are their ſenſible Meaſures, (whether true 
n- Br falſe) which are vulgarly made uſe of inſtead 
Wa pf the true meaſured Quantities themſelves. 


Vherefore, if the Significations of Words are to 
de defin'd f om their Uſe, by the Names of Time, 


Va- pace, Place, and Motion, theſs Meaſures are 
the Wroperly to be underſtood ; and the Expreſſion 
twe ill be unuſual and purely Mathematical, if the 
ere- Wbſolute Quanticies themſelves be underſtood. 
| by Wind therefore as they do Violence to the Holy 
8 cripture, who there interpret theſe Words, as in- 
11 


nding the abſolute Quantities ; ſo alſo do thoſe 
ho from the Reſt aſſign'd to the Earth, and Mo- 
on to the Sun, in the Words of the Scripture, are 
ont to diſpute concerning the true Frame of the 
Vorld, contrary to evident Reaſons of Aſtrono— 

y and Philoſophy ; as they do likewiſe, if ſuch 
iere be, who from the Words wherein it is pre- 
ited, That Time ſhall be no more, do from thence 
ollect, that Eternal Duration, or Abſolute Time, 
all be annihilated. Nor do thoſe any whit leſs 
ehle Mathematicks and Philoſophy, who con- 
dund the true Quantities with their Relations 
nd vulgar Meaſures. 

Now to know the true Motions of Bodies, and 
ctually to diſtinguiſh them from the apparent, is 
deed difficult ; becauſe the Parts of the unmove- 
ble Space in which the Bodies are truly mov'd, 
o not encounter the Senſes. Yet notwithſtand- 
g, the Caſe is not altogether deſperate ; for we 

2 have 
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have certain Tokens and Arguments of the ſame, 
partly from the apparent Motions which are the 
Differences of the true, partly from that Force 
which is the Cauſe and Effect of the true Mo- 
tions. As if two Globes, tied together by a Cord 
at an even Diſtance from each other, ſhould be 
rolled round about a Center of Gravity common 
to both, the Endeavour in the Globes of departin 
from the Axis of the Motion, would ſhew forth 
it ſelf in the ſtretching of the Cord ; and from 
thence the Quantity of the Circular Motion might 
be computed. Then, if any equal Force what- 
ever ſhould be at the ſame time impreſſed upon the 
Alternate, that is, the diametrically oppoſite Fa- 
ces of the Globes, to increaſe or diminiſh the Cir- 
cular Motion; that is, if one ſhould be impreſs 
on one Part, and the other on the contrary Part 
at the ſame time, the Increaſe or Decreaſe of the 
Circular Motion would be ſeen from the increas' 
or diminiſh'd Tenſion of the Cord. And from 
thence, at length, would be found, Which are the 
Faces of the Globes on which the Force ought te 
be impreſs'd, for the augmenting the Motio 
moſt of all; to wit, the hinder Faces, or thoſe 
which in the Circular Motion do follow, But 
the Faces which follow being known, and by con 
ſequence the oppoſite ones, or thoſe which go b 
fore, the Determination of the Motion will be 
known. After this manner, both the Quantit) 
and Determination of this Circular Motion might 
be found in any immenſe Vacuum, where thert 
is nothing ſenſible and external with which the 
Globes might be compar'd. If now there ſhoul 
be placed in that Space ſome far diſtant Bodies 
keeping a given Poſition one with reſpe& tc 
another, ſuch as are the Fixed Stars in our Regi 
ons; it could not be known from the relative 


- ' Tranſl: 
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Tranſlation of the Globes amongſt Bodies, whe- 
ther the Motion were to be attributed co theſe or 


_ thoſe; like as we upon the Earth cannot by any 
Mo. apparent Motion of the Fixed Stars, determine 
org whether it be the Earth or they that is indeed 


mov'd: But if the Cord be minded, and it be 
found that the Tenſion thereof is the very ſame 
which the Motion of the Globes requird, we 
might conclude that the Motion is in the Globes; 
and then at length from the Tranſlation of the 


He Globes amongſt the other, collect the Determi- 
- nation of the Motion. For ſeeing that from the 


Tenſion of the Cord, it would be manifeſt, that 
Fache Motion is truly in the Globes, and not in the 
Cir remote Bodies; the Motion of the Globes, as 
vel in reſpect of Velocity as Direction, will ea- 
ſily be determin'd by thoſe Bodies, which are de- 
ſervedly now to be look'd upon as unmov'd. And 
in this way we collect the annual Motion of the 
Earth, as being exactly proportional to the Cen- 
tri-petal Force towards the Sun; and likewiſe ea- 
ſily gather the Stability of the Fixed Stars from 
the annual Motion of the Earth. Then the Mo- 
ion of che Earth, and Stability of the Fixed Stars 
deing known, it is as eaſy to deduce from thence 
the Velocity and Direction of the annual Motion. 
But in what manner true Motions are to be col- 
Weed from their Cauſes, Effects, and different 
. MAppearances; and on the other hand, in what 
-'Wmanner, from Motions either true or apparent, 
cheir Cauſes and Effects are to be gathered, will 
be taught more largely in che Proceſs. | 
(0 The Quantity of Matter is the Meaſure 
of the ſame, ariſing from the Denſity and the 


2 u Magnitude thereof conjunctly. 
ds * Air, 


i 
4 


oof 
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Air, which is as denſe again as ſome other Air, 
and poſſeſſes double the Space, is Fourfold of the 
other. And if a Cubic Veſſel contain Air, which 
by compreſſion is reduced into a leſſer Cube, 
the Denlity in the leſſer Cube will be to that in 
the greater, as the greater Cube is to the leſs ; 
or in the Triplicate Proportion of the Sides re- 
ciprocally ; and the Diſtances of the Particles of 
Air which are like, and in like manner poſited, 
will be in the Proportion of the Cubic Sides. 
The ſame Thing is to be underſtood of Snow and 
Powders condens'd by Compreflion or Liquefa- 
ction; and there is the like reaſon of all Bodies 
in whatſoever manner condens'd. We have no 
regard in this Place to a Medium pervading the 
Inſterſtices of the Parts, if there be any ſuch. But 
we ſhall call this Quantity of Matter, which is 
to be reckon'd from the Denſity and Magnitude 
conjointly , every where hereafter Body or Maſs, 
And the ſame is known by the Weight of every 
Body ; for an equal Quantity of Matter, of what 
ſort ſoever it is, doth equally gravitate; as is ma- 
nifeſt by Experiments of Pendulums which have 
been moſt accurately made, as will be taught in 
the Sequel. And from hence indeed, that we may 
note this by the way, It is certain, that either 
there is no Ethereal Medium pervading the Pores 

of Bodies; or if there be any, ſeeing it doth in 
no wiſe gravitate nor hinder the Motion. of Bo- 
dics, it ought to be reckon'd Matter differing from 
that of all other Bodies; yea, in ſpeaking pro- 
perly, it deſerves not the Name of Body or Mat- 
ter at all. But we ſhall have occaſion to ſay more 
of this hereafter. | 
(11.) The Quantity of Motion is the Meaſure 
of the ſame, ariſing from the Velocity, and from 
the Quantity of the Matter conjunctly. 155 
| | e 
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Air, The Motion of the Whole is the Sum of the 
the Motions of all the Parts; and conſequently in a 
ich Body double of ſome other, and mov'd with 
ube, equal Velocity, the Motion is Twofol af the 


Motion which is in the other Body; and in the 
Double Velocity of the greater Body Fourfold. 

he Quantity of Matter therefore is equal to the 
Rectangle of the Denſity drawn into the Magni- 
ude; and the Quantity of the Motion equal to 


des. the Rectangle of the Velocity drawn into the 
and Quantity of the Matter. From which Principle 
efa- he Forces of Machines are eaſily deduced. 
dies MFor whereſoever in the Equilibrium of Machines 


a Body is greater, there the Celerity of that Bo- 


no 
the y will be ſo much the leſſer ; and where the 
But Body is the leſs, the Celerity will be ſo much the 
h is Hreater; ſo that the Quantity of Motion reſulting 
ude rom the Body, as drawn into its own Velocity, 
ſaſs. equal on both Sides; as will be more largely ſer 
ery Worth afcerwards. 

hat (12.) The innate Force of Matter is a Power 
ma · f reſiſting, whereby every Body, as much as it 
aveſWan, perſeveres in its own-State of Reſting, or 


oving uniformly ſtrait forwards in a right 
ine. 
This Force is proportional to the Body, and 
iffers nothing from the Inactivity of the Body, 
ut in the manner of conceiving it, by which it 
omes to paſs, that a Body is not without difficul- 
put out of its State whether of Reſt or Motion. 
rom whence, by a very ſignificant Name it may 
e called the Force of InaRivity. But a Body ex- 
rciſeth this Force only when it is acted upon b 
ome Force from without; under which exerciſe 
fits Innate Force it is conſidered in a Double 
eſpe& ;to wit, as Reſiſtance and Impulſe. Reſi- 
ance, as far as it ſtruggles with the impreſſed 
2 by Force, 
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Force, in order to preſerve its own State; Im. 
pulſe, as the ſame Body by not eaſily giving way 
to the Force of the reſiſting Obſtacle, endeavours 
to change its State. Indeed, it ſeems moſt proper to 
attribute Reſiſtance to quieſcent, and Impulſe to 
moving Bodies; and I ſhould aſſign any Impetus 
whatſoever, where one of the Bodies is at Reſt, 
to the poſitive Force of the moved Body, rather 
than to the Negative Force of the quiefcent 
one. 

( 13.) The impreſs'd Force is an Action exer- 
cis d on a Body for the changing its State, whe- 
ther of Reſt or uniform direct Motion. 

Thus this Force conſiſts in Action alone, and 
remains not in the Body at all after the Action. 
For the Body perſeveres in every new State by its 
ſole Force of Inactivity. Now Force impreſs'd is 
from divers Cauſes, as from a Blow, à Preſſure, ot 
Tendency to a Center. 

(14.) The Centripetal Force is that, whereby 2 
Body is drawn, impell'd, or in ſome way or other 
tends to a Center. 

Of this Sort is Gravity, whereby a Body tend; 
to the Center of the Earth; the Force Magnetic, 
or that whereby Iron tends to the Center of the 
Loadſtone; the Attraction or ſtretching of the 
Cord to retain the Stone that is whirl'd round in 
a Sling. Hither alſo is to be referc'd that Force, 
whatſoever it is, whereby the Planets are conti; 
nually held back from rectilineal Motions, and 
compell'd to revolve in Curvilinear Ones. The 
Quantity of this Centripetal Force is of Thre 
Sorts, Abſolute, Accelerating, and Moving. 

(15.) The Abſolute Quantity of Centripetal 
Force is the Meaſure of the ſame, greater or lefler 
according to the Efficacy of the Central Cauſe 
which propagates it from the Center all _ 

abou 


* 
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bout. Thus the Strength of Magnets is different, 
and greater, Cæters Paribu, in the greater Magnet, 
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and leſſer in the leſs. The Attraction or Tenſion 
pf the Cord greater in the Circumvolution of 2 
greater Stone than in that of a leſs ; and in the 
wifter Circumrotation of the ſame Stone than 
n a Slower. And thus we may conceive, that 
he Gravitation of Bodies to the Sun, which is a 

Body ſo much greater than the Earth, is greater 
at an equal diſtance than the ſame is towards the 

Earth. 

(16.) The Accelerating Quantity of this Cen- 

ripetal Force is the Meaſure of it in divers Di- 

ſtances from the ſame Center ; which is proporti- 
pnal to the Velocity which it produceth in a given 
ime. 

As the Virtue of the one and the ſame Mag- 
et (in which conſequently the Abſolute Quan- 
ity remains the ſame) is greater in a leſs diſtance 
han in a greater; the gravitating Force in the 
urface of the Earth is ſomething greater about 
he Poles than about the Equator ; it is greater alſo 
ear the Surface of the Earth than at a greater 

Diſtance from the Center. Bur this Accelerating 

Force, which is diſtin&ly to be noted, is at equal 


Diſtances from the Center every where the fame, 


and this in all Bodies whether they be Heavy or 


"ML.ight, Great or Small, Solid or Fluid; that is to 
"Way, if you do here abſtra& from the reſiſtance of 


he Air. Which Thing is prov'd by the equally 
wift Deſcent of all falling Bodies in Tubes emp- 
ied of Air ; and from the Motion of all Pendu- 
ums, what Matter or Magnitude ſoever, vibra- 
ing together in like Circles or Cycloids. 


(17.) The Moving Quantity of the Centripe- 
al Force, is the meaſure of the ſame 3 
on 
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onal to the Motion which it generates in a gi. 
ven time. | 

This Force is the propenſion of the whole Hut 
Body towards the Center, which is eſtimated by 
the Quantity of the Force contrary thereto, 
which is requir'd to the hindring its Deſcent, 
which is called the Weight of a Body, and is 
greater in a Body which is greater ; and greater 
in the ſame Body by how much it is nearer to the 
Earth. The Abſolute Quantity therefore of this 
Force we are treating of, is defin'd from Magni- 
tude, or at leaſt from the Strength and Efficacy 
of the Central Body. The Accelerating is that 
Force as perpetually decreaſing in the Increaſe of 
the Diſtance, and on the contrary. The Moving 
Force is the Weight it ſelf ; which ariſeth from 
the Body or Maſs drawn into the Accelerating 
Force. From whence the Abſolute Force being 
given, the moving Force in a given Body will be 
as the Accelerating ; and the Accelerating being 
given it will be as the Body. Theſe three Forces 
therefore are referr'd to three Things, to Bodies, 
to the Places of Bodies, and to the Center of 
Force. The Motive Force reſpects the Body 
and the Endeavour and Propenſion there- 
of to the Center, as compounded of the Endea- 
vours and Propenſions of all the Parts. The Ac- 
celerating refers to the Place of the Body in the 
Medium as the Efficacy of the ſame Abſolute 
Force according to divers Diſtances from the Cen- 
ter; and the Abfolute Force reſpects the Center or i? © 
Central Body it ſelf,as endowed with ſome Power, 
without which the moving Forces are not propaga- hil 
ted round about; whether that Power or Cauſe be" 0 
the Central Body ſas the Magnet in the Center of the _ 
Magnetick Force,) or the Earth in the Center of]] 


the gravitating Force, or be ſome other Thing 
| which 
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hich doth not appear. At leaſt, this is a Mathe- 
hacical Conception, and ſufficient for our preſent 
urpoſe;for we do not yet conſider thePhyſicalCau- 
s of thoſe Forces. The Accelerating Force therefore 

to the Motive as Swiftneſs is to Motion; for 
om the ſame, as multiplied into the Quantity of 
e ſame Matter, the Moving Force ariſes, like as 
e Quantity of Motion ariſeth from the Celerity 
ultiplied into the Body. For the Sum of the 
tions of the Accelerating Force upon each 
article of the Body, is the Moving Force of the 
Vhole ; from whence, where the Accelerating 
Sravity is the ſame, the Moving Gravity or 
eight is as the Body. And in the ſame Body 
here the Acceleration is diminiſh'd, as in the 
pper Regions, the Weight is likewiſe diminiſhed. 
hus where the Accelerative Force is Twofold 
fs, the Weight of a Body Twofold or Threefold 
(s, will become Fourfold or Sixfold leſs. Fur- 
ermore, we call Impulſes and Attractions Acce- 
rative and Motive in the ſame Senſe. And we 
ſe the Words Attraction, Impulſe, and Propen- 
on to a Center] indifferently and promiſcuouſly ; 
e at preſent conſidering theſe Forces not Phy- 
cally but Mathematically, as was ſaid before, and 
ow ſay again, to Caution our Reader from un- 
erſtanding us, as Meaning and Defining Phyſi- 
al Cauſes or Reaſons of Motions, or attributing 
d Centres, which are Mathematical Points, true 
nd proper Phyſical Force ; when at any time we 


ay that the Centers draw, or have Force in 


em. And ſo far we have given you the Defini- 
ons requiſite to be premis'd to Sir Iſaac Newton's 
hiloſophy. | 


Feb, 28. 1701. 


LECT. 
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CCCC-CCCCCC 
WS or 
Axioms or Laws of Motions. 


I, VER Y Body perſeveres in its ow! 
4 * preſent State, whether ic be that 
* of Reſt, or uniform direct Mot ny 

2 on; unleſs it be compelled by ſome Mir 

Force impreſs'd,to change that State Hr 

Projectiles hold on their Motion, ſo far as they d 
are not hinder'd by the Reſiſtance of the Air, ar 
their own Gravity. A Top, whoſe Parts by cohe . ( 
ring continually draw themſelves from the Recti ed. 
lineal Motion, ceaſeth not to be whirl'd about, ſi ou 
far as is not retarded by the Air, or the une ven oui 

neſs of the Surface, on which ir turns. But the Þ 

greater Bodies of Planets and Comets maintain Rec 

their Motions, whether Progreflive or Circular Han 
much longer in Spaces leſs reſiſting. This Law oe 

Motion js indeed the fundamental Law of alf \ 

and is moſt evident from the merely Paſſive Na hie 


ture of Matter; which makes it naturally as im-MWorc 
poſlible for a Body of it ſelf to ſtop its own, Me 
tion once begun, as it is for it to move it ſelf oriffficay 
ginally. en 
(2.) All Motion is of it ſelf Rectilinear. 
For Motion cannot be conceived, but it muſſſfetal 
be directed and determin'd towards ſome Place of 
other, and it will by the Law foregoing keep t 
ſame Direction which it firſt had, until it b 
hinder'd or put out of its way by ſome Extrinſic 

Cauſe. 
And 
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And conſequently, whenever any Body is 
ov'd in a Curve, that Curvature muſt needs 

eed from External Force; and therefore muſt 
eaſe when that Force ceaſeth. Which, when it 
oth, then by this and the foregoing Law, the 
otion will be continued in a Right Line, which 
the Tangent of the Curve, at the very Point 


zeal Direction. Thus it is in a Stone wheel'd 
bout in a Sling, which ſlipping out of the Sling 
not now carried forward in its former Circle or 
ny Circle at all, but in a Tangent of the former 
ircle; where indeed, by reaſon of the Force of 
ravity, compounded with the projectile Force, 
3 a Parabolic Line: But of this after- 
ards. 
(3.) All Bodies carried about, endeavour to re- 
de from the Center of their Motion ; and by 
ow much the Motion is the ſwifter, this Endea- 
our is the greater. 
For ſeeing Bodies do of themſelves tend unto 2 
zectilineal Motion, or that which is according to 
angents of Curves ; and ſeeing all the Parts of 
e Tangents are further diſtant from the Center 
f Motion, than the Parts of the Curves, unto 
hich the Bodies are drawn by the Centripetal 
orce : It is manifeſt, that that Endeavour of go- 
g off according to Tangents, doth as much 
raw back the Bodies from the Center, as the 
2ntripetal Force draws them to it, and is exactly 


tal Force. i 
(4. The Mutation of Motion is proportional 
d the moving Force impreſsd ; and is according 
d the right Line in which that Force is impreſs d. 
any Force generates any Motion, a Double 
orce will generate a Double one, a * — 

reble 


f the ſaid ceaſing Force, or in the laſt Rectili- 


qual to the contrary Endeavour of the Centri- 


| 
| 
| 
| 


— — — 
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Treble one; and this whether the Force be im 
preſs d all at once, or — 

And then this Motion impreſs'd, (for as much 
as it is always determin'd to the ſame Part, wit 
the generating Force) if the Body on which the 
Impreſſion is, was before in Motion, either is ad 
ded to the Motion thereof, as conſpiring together 
with it; or ſubducted therefrom, as being contrary 
thereto ; and thus it either increaſeth or dimi 
niſheth the former Velocity. But if the Impulſ: 
be oblique, it is added obliquely, and compound 
ed with the former Motion, according to the-Di 
rections of both. So that if it were at right Angle 
the Velocity as conſidered in the firſt Line wil 
neither be increas d nor diminiſh'd. 

(F.) Reaction is always contrary and equal te 
Action. That is, the Actions of Two Bodies ad 
ing upon each other, whether they be Impulſe 
or Attractions, are always directed each to tht 
contrary Part, and are alſo equal. 

Whatſoever preſſeth or draweth another thing 
is equally preſſed or drawn thereby. If you preſ 
a Stone with your Finger, your Finger is equally: 
preſs'd by the Stone. When a Horſe draws a Stone 
tied to a Rope, the Horſe will equally be drawnilf: 
back to the Stone: For the Rope, which is di 
ſtended on both Sides, will, with the ſame En 
deavour of relaxing it ſelf, draw the Horſe to the 
Stone, as it doth the Stone to the Horſe; and wi 
ſo much hinder the Progreſs of one, as it for 
wards the Progreſs of the other. If one Body 
daſhing upon another, ſhall by its Force in an 
fort change the other's Motion, it will alſo reci 
procally undergo the like Change in its Motio 
to the contrary Part, by the Force of the 
other, and this by reaſon of mutual Preſſure 


But then by theſe Actions are made equal Changes 
n 1 
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ot of Velocities but Motions ; to wit, in Bodies 
not otherwiſe impeded. For Mutations of Ve- 
ocities made to the contrary Parts, ſince the Mo- 
ons are equally changed, are reciprocally pro- 
ortional to the Bodies; We may ſhew the Matter 
briefly thus in Attractions. Let ſome Obſtacle be 
uppos'd to be interpos'd betwixt the Bodies A and 
B, which attract each other, to keep them from 
eeting together. If either of the Bodies, as A, 
e more drawn towards B, than B is towards A; the 
Obſtacle will be preſs'd more with the Action of 
\ upon it, than with that of B, and conſequent- 
y will not remain in an Xquilibrium. The ſtrong- 
r Preſſure therefore prevailing, will make that 
he Syſtem of the three Bodies will be mov d di- 
ectly unto that Part which is from A to B; and 
o in a free Space will be mov'd in infinitam in 
hat Direction, wich a Motion continually acce- 


o perſevere in its State, whether of Reſting or 
e oving right forwards ; and conſequently the Bo- 
lies will equally preſs the Obſtacle, and fo will 
qually be attracted to each other. And the Thing 
che ſame if there be no Obſtacle ; for the 
ronger Motion will in the Meeting overcome 
ze Weaker, and carry both Bodies to the ſame 
Part, and according to its own Direction. Where- 
ore, either there is no Attraction in a Syſtem of 
Bodies where the firſt Law hath Place, ſuch as the 
Wolar one is, as we ſhall hereafter clearly demon- 
are it to be hereafter ; or the Attration-is mutu- 
| and equal. The Famous Sir Iſaac Newton hath 
ade an Experiment of the Matter in the Magnet 


g Water; neither will prevail over the other, 
but 


erated: Which is abſurd and contrary to the firſt 
aw of Motion. For by that, the Syſtem ought 


Ind Iron. If theſe be ſeparately put in two proper 
eſſels, ſwimming cloſe to one another in a ſtand- 
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but with an Equality of Attraction on both ſides, 
they will ſuſtain their mutual Endeavours on one 
another, and at length being in Equilibrio will 
be at reſt. So likewiſe, the Gravity betwixt 
the Earth and its Parts is mutual and equal. If 
the Globe of the Earth HEFGKI (ſee Fig. 
2. Plate 2.) be divided into Two unequal Parts by 
a Plane GE, the Gravity of the Part EGF, 
towards the reſt of the Farth, will be equal to 
the Gravity of the reſt of the Earth towards thi; 
Part: which is prov'd thus. Imagine the Earth 
to be divided by Parallel Planes into three Parts, 
EGF, HKI, EGKH ; of which E GF and 
HK 1, are equal to each other, and lye upon 
the middle Part EG KH. Here it will be mani. 
feſt, that the middle Part E GK H, doth by its 
own Weight incline to neither of the Parts, but 
hangs, as we may ſay, in Æquilibrio betwixt both, 
and fo reſts. But the Extream Part HK lies 


with its whole Weight _ the middle Part, and 


urgeth that towards the other Extream Part 
'EGF. And therefore, the Force wherewith the 
Sum of the Parts HK I, and EGKH, tends 
towards the Third Part EGF, which is equal to 
the Weight of the ſame Parts,is equal to the Third 
Part EGF. And therefore if the Earth be divi- 
ded by any Plane whatever, as EG into Two 
Parts EGF and EGI, the Force wherewith the 
greater Part EGI tends to the leſſer EGF i 
equal to the Force wherewith the leſſer Par 
tends to the greater ; and unleſs thoſe Weights 
were equal, the whole Earth would give place tc 


the greater Weight, and in yielding to it would. 


fly away, and there would no Place be found fo 
it; which, as before, is abſurd,and contrary to th 
_ firſt Law. 


-” 


(6.) I 
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(6.) If of two equal Bodies, void of Elaſticity, 
one of them which is in Motion meets the other 
at reſt, upon the meeting they will both be car» 


urid forwards together, to the fame part, with half 
„che Velocity of the Body which was moved. For 
by the Body put in Motion, will in the Shock com- 


municate its Motion ſo long to the other quieſcent 
Body, till that moves with the ſame Velocity with 
hi. Mir (elf. For whilſt the Velocity of the mov d Body 
ch greater than the Velocity of that which was 
| before quieſcent, the former Body will ſtill force 
he other, and accelerate its Motion; but aſſoon 
as the Body that was-quieſcent hath gotten a Ve- 
ocity equal to hat the moving Body moves with 
t can force it no further, but follows it cloſely. And 
buffs the Motion of the former being now equally 
livided betwrixt them, it appears that they are both 


5 arried with half the Velocity which the former 
and gd before. We 


pan (7:) If cwo equal Bodies, void of Elaſticity, 
che directly meet each other with the ſame Velo- 
12 1 they upon the Colliſion will both of chem 


Third For ſo much as either of them tends to go for- 
dir: rd it is repelled by the other: And ſo theſe 
Twol 2 equal Forces, or Quantities of Motion, 
+ che 24ing to the contrary Parts, will deſtroy one 
\ 3: other; whereupon, there being no new Cauſe 
par Motion, chey muſt needs both of them reſt. 
W which Cafe , the Motion wholly periſheth, 
Wnicrary to the Opinion of Cartes, who would 
m_ ve che ſame Quantity of Motion always to fe- 
* fo am ein che World. : | — | 
(8.) If ewe unequal Bodies, deſtitute of Ela- 
city, meet one another with ſuch Velocity, that 
how much the greater exceeds the other in 
6.) 1 agnitude, by — it is exceeded by che - 
; 2 er 


52 Mathematical Philoſopby. 
ſer in Swiftneſs, ſo that the Velocities are reci- 
procal to the Bodies; they will both reſt after 
the meeting. 5 3 
For the Motions which are directly oppoſite 
to each other, being as to the Quantities of them 
equal, they will deſtroy one another, as before. 
--(9.) If a moving Body firike. another at reſt, 
(but both void of Elaſticity ) how ; unequal ſo- 
ever they be in Bulk and Quantity of Matter, they 
will both move after the ſhock with the ſame Ve- 
locity towards the ſame Parts, as in the Sixth 
Law: And the common Velocity will be ſo much 
leſs than the firſt, as both the Bodies together are I. 
greater than the Body firſt moved. For ſince all the N 
Motion of the former Body is now divided be- th 
tween the two Bodies, the Velocity will be ſo Hon 
much diminiſhed, as the Quantity of Matter to n 
be moved is increaſed. : | 
Corollary, Therefore, when the Bodies are gi-M .1 
ven, there will be alſo given the Proportion of the 
Velocity of the moved Body before the Shock, to 
the common Velocity of the Bodies after the 
Shock. For as both Bodies together are to the 
moyed Body, ſo will the Velocity of the moved 
Body. before the Shock, be to the common Velo- 
city of both after the Shock. | c 
- (10.) If two unequal Bodies, void of Elaſtici 
ty; which are carried with equal Velocity to op 
poſite Parts, hit againſt one another, the Quantit 
of Motion in both, taken together after the Col 
liſion will be the difference only of the forme! 
Motions ; for the leſſer Quantity of Motion o- 
either Part will be equivalent to an equal Quan 
tity of Motion on che other Part, and as abo 
will deſtroy it; wherefore, there remains onl) 
the Exceſs of the Motion, as the ſole Cauſe o 


it after the Shock. And the Caſe, will be juſt thi 
5 ſame 
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ſame, as if the Body that had the greater Quan- 
tity of Motion, ſtruck another at reſt with that 
difference of Motions, and after the Shock ought. 
to be calculated in the ſame manner. E 

(II.) If two equal Bodies, void of Elaſticity, 
be mov'd with unequal Velocity towards the ſame 
Part, upon their Coll iſion there will remain the 
ſame Quantity or Sum of their Motion, but the 
common Velocity will be the half of both the for- 
mer Velocities put together. | 

For the Exceſs of Velocity will now be divided 
equally betwixt both Bodies, and ſo they will go 
away together with a mean Velocity. 

(12.) If in two unequal Bodies, void of Elaſti- 
city, the Greater overtakes the Leſſer, the com- 
mon Velocity, after the Shock, wil greater: 
than half the Sum of the former VeloCtties. And 
on the contrary, it will be leſs when the leſſer 
Body overtakes the greater. For if the Bodies 
were equal, it would, by the foregoing, be juſt 
half that Sum. Wherefore it will be more or 
leſs than half, in proportion to the Greatneſs or 
Smallneſs of the hindmoſt Body. plat? 
Corollary, Therefore the Velocities and. Magni- 


| — tudes of Bodies before the Shock being given, it 

OVE will be eaſy to compute the common Velocity of 

elo the Bodies after the Shock. For the Sum of the 

„ MWMotions, divided by the Sum of the Bodies, gives 

ſticrWthe common Velocity, when the Motions are 

OP Wlmade towards the ſame Parts; or the difference 

Co of the Motions divided by the Sum of the Bodies | 1 
rmeitowards the contrary Parts. F | 

n 0 Scholium, Theſe are the true Laws of Motion 


in Bodies, which yield ſomewhat, but do not re- 
Witore themſelves, or are endued with no elaſtic 
Force; and the ſame Laws may perhaps hold alſo, 


* 5 . * - p 
gives the common Velocity, when the Motion is 

3 in 

* 
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in Bodies perfectly hard, ſo that they be not Elaſtic. 
But the Rules of Motion in Bodies perfectly Elaſtic, 
or which reſtore themſelves with the ſame Force 
wherewith they are compreſs d, are altogether dif- 
ferent from the former; and therefore require a di- 
ſtinct and ſeparate Conſideration. And foraſmuch, Wl , 
as the Colliſions of theſe Bodies do afford many both 
difficult and notable Phænomena; and the famous 

Monſieur Hugens hath undertaken in a poſthumous : 
Work ro explicate and demonſtrate them ; but 

this indeed not without much going about, and a 8 
long Pomp of Arguments and Figures according Ml ( 
to the manner of the old Geometricians, we 9 
ſnall deliver the Laws of Motion of Elaſtic Bo- p 
dies according ro his Order, but in a briefer Me- 

thod and ogg that is more natural; that ſo Begin- o 
ners may be able in ſome meaſure to comprehend q 


the Certainty and Phyſical Origin of theſe Laws; o 


the firſt and fundamental one of which is this, ec 
(z.) If a Body perfectly Elaſtic daſheth upon p 
another Body of the ſame ſort which is Quieſcent lM tc 
and Equal; after the Shock the Motion will be Ne 
wholly transferr'd into that which was quieſcent lM 
before, and with the ſame Celerity, but the MM cj 
Body whichewas mov'd before, will now reſt. 
For the impelling Body, whether it were Ela- Har 
ſtic or no, will by the Sixth Law commu- da 
nicate half of its Motion to the other, and be- be 
gin to go along with the other with the fame w. 
Pace; and by its Elaſticity, the Force of ' which C. 
is equal to the Force of the direct Impulſe, it will 
communicate the other half of its Motion; from ¶ co 
whence it comes, that the Motion of the Body Nau 
before quieſcent, will now be equal to that which IM th; 
the Impellent had before; and conſequently, ¶ th; 
that ſeeing ſo much of Motion as the Impellent Wl Ve 
transfers to the other, ſo much it loſeth of irs ¶ dy 
| own 


— 
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own Motion, the Motion upon the whole will 
be convey'd into the Quieſcent, the Impellenc 
having loſt its Motion. . EE 

Corollary (I.) If a greater Body daſheth upon a 
leſſer, the former will not reſt, but only be moy'd 
more ſlowly ; and the other which before reſted 
will, in its being moy d, gain a greater Velocity in- 
deed than was in the Impellent, but a leſs Quan- 
tity of Motion. 

Coroll, (z.) If a leſſer Body daſheth upon a 
greater, it will not reſt but go back; and the 
Quieſcent will gain a leſs Velocity indeed, but a 
greater Quantity of Motion than was in the Im- 

lene. 

5 (3.) If a Body, put into Motion, hit up- 
on divers Bodies contiguous to one another, and 
quieſcent, they will all reſt but the laſt or furtheſt 
of them; and this will be mov'd wth a Celerity, 
equal to, or greater or leſs, than that of the Im- 
pellent, according as the Impellent Body is equal 
to, or greater or leſs than the faſt Body. Theſe 
Corollaries follow naturally from the preſent Law 
of Motion, and therefore ſeem to require no ſpe- 
cial Demonſtration. 

(14.) If two Bodies perfectly Elaſtic, which 
are equal, but movd with an unequal Celerity, 
daſh one upon another, they, whether they were 
be · ¶ before carried to the ſame part or to the contrary, 
ame ¶ will after the Contact be mov'd each with thac 
nich Celerity which the other had before. Ws 
wil For if they tend towards the ſame Parts, the 
rom i common Velocity on both Sides being taken 
ody WE away, there will only remain the difference of 
hich che Velocities as the ſole Cauſe of the Change in 
Ely, ¶ che Shock; and ſince by the foregoing Law that 
lent i Velocity will be communicated to the ſlower Bo- 
f its dy, it follows, that the ſtriking Body ſhall loſe 
Own E 4 th 3 
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that Exceſs of Motion, and the flower Body get 
it; that is, in other Words but the ſame Senſe, 
they will move with each others Velocities. And 
in lixe manner, we may demonſtrate the ſame in 
the ſecond Caſe, where the Bodies carried to- 
wards different Parts are ſuppoſed to ſtrike one 
another. For the common Velocity being taken 
away on both Sides, the difference of Velocity, 
which after the Shock tends the contrary way, 
and will not at all change the former common 
Velocity, will remain as before, the fole Cauſe 
of changing the Velocity ; which by the forego- 
ing Law will be transferred from the ſwifter to 
the ſlower Body : Whence as before, it will fol- 
low, that elaſtic equal Bodies after the Shock will 
move with each others Velocities. elf 

(15.) Any Body how great ſoever, may be Hui. 
moved by any Body how ſmall ſoever, with any 
Velocity whatſoever. This Law of Motion is in- 
deed an Axiom, manifelt in it ſelf, and wants no 
Demonſtration. 

(15. ) When two Bodies, perfectly Elaſtical, are 
daſh'd one upon the other, they depart from one 
another with the ſame Celerity wherewith they 
approach'd one to the other; that is, not with the 
ſame abſolute Celerity perhaps, but with the ſame 
relative Celerity. This Law indeed is the Foun- 
dation of all the following Laws of Motion. The 
Thing was before prov'd concerning two Elaſtical 
Bodies which are equal, when it was demonſtrated, 
that in their departure from each other, there are 
the ſame True and Abſolute Celerities on both 
Sides, the Seats of them only being chang'd. And 
therefore it is neceſſary, that the Relative Veloci- 
ty of departing ſrom one another be the ſame IM 
with that of coming towards one another. Now ter 
concerning Bodies unequal it is thus ſhew'd. Ifa 
Ton.” * 2 greater 
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ther with unequal Velocities, we muſt take away 
the common Velocity from both, ſo that it will MWwt 
generate the ſame Velocity after the Shock but 
the Seats changed ; but then there will be left on- 
ly the difference of the Velocities, as the ſole Cauſe 
to change the Velocity ; which Cauſe indeed 
will not ceaſe, but in Acting and Re. acting, the 
Bodies will depart from one another with the 
ſame Relative Velocity, with which they came 
together. And the Matter will every where de. 
pend on this, that the Elaſtick Forces, ever 
where equal to the impreſſed, produce their 
Whole and Pure Effects _ - which cannot be 
done any otherwiſe, than if the Relative Velocity 
of Receding, exactly anſwer to the Relative Ve- 
locity of approaching. 

(17.) If two Bodies perfectly Elaſtical, do each 
return to the Impulſe with the ſame Celerity 
wherewith they rebounded from it ; they wil 
each of them, after the Second Impulſe, require 
the ſame Celerity as they had before the fit 
Meeting. For by reaſon of the given Quan 
tity of the Stroke in the Colliſion, there wil 
be given therewithal a certain Rectangle, whole 
two Factors are the Diſtances from the Point af? 
Concourſe, both the primary diſtance, and that 
to which they return on both Sides after the 11 
Conflict; if therefore we divide the Rectangle 
the firſt Diſtance, there will come forth the ſe 
cond Diſtance as the Quotient; and if we divid 
it by the ſecond Diſtance we ſhall obtain the fit 
Diſtance for a Quotient; and ſo perpetually 
From whence it follows, that thoſe Diſtances aF abſi 
deſcrib'd in a given time,—or the Velocities off (20 
coming to, and receding from one another, «Fritie 
anſwer to each other mutually, and follow ong*1r ! 
upon the other, cal) ppoſi 

18. 
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. 8.) In two Bodies which meet one another, 
vil whether they be Elaſtic or not Elaſtic, there doth 
bur not always remain the ſame Quantity of Motion 
on- hs was before, but it may be greater or leſs. This 
uſe MPropoſition, which dire&ly. contradicts Cartes, we 
el {deduced out of the Seventh Law, as to Bodies not 
the Elaſtic; and it follows out of the laſt Law fave 
the one, concerning Bodies Elaſtic. For ſeeing the 
mel Quantity of Motion is eſtimated from the Cele- 
de. Nity drawn into the Matter; and ſeeing in Bodies 
er ow ſoe ver unequal, and unequally mov'd, the 
heir hing is indeed thus, that che Sum of their Velo- 
t befEicies, or the Relative Velocity remains given, the 
city Quantity of Motion will be very unequal, as the 
Ve greater or leſſer Body gains a greater or leſſer Part 
the entire reſpective Velocity; as will more 
each early appear from that compatation of Motions 
eriyſ@Þbich will preſently follow, _ 
will (19.) If a Body perfectly Elaſtical, which is 
ire reater, meets a leſſer one which is quieſcent, it 
ill give a Velocity to it leſs than the double of 
ts own. For ſeeing, after the Impulſe, the Bo- 
dies ought to be ſeparated from each other with 
e ſame reſpeQive Velocity, with which they 
nt dame to one another, that is, in the preſent Caſe 


-vallyY2d before, without any diminution of it: which 

ces abſurd. : 

ries ON (20.) If two Bodies perfectly Elaſtic, the Ce- 

er, (Frities whereof are in reciprocal Proportion to 

w onFc<ir Magnitudes, meet one another directly and 
poſitely, they will both rebound with the ſame 

8.) Celerity 
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Celerity with which they came to each other, 


For ſeeing the Force which ariſeth from the mere: 
Impulſe of Bodies without any conſideration a 
the Elaſticity, is on both Sides equal, they by the il 
Eighth Law will mutually ſuſtain and deftro 
each other ; ſo that there will remain no Cauf 
of Motion but the Elaſtic Force ; which ſeeing 
it is on both Sides equal will beget equal Moti. 
ons on both Sides ; and conſequently both the 
Bodies will rebound with the ſame Celerity which 
they had before. | 
Scholium, A Problem. There being given two 
unequal Bodies perfectly Elaſtic meeting one ano- 
ther directly, both of which are mov'd or one 
only, and the Celerity of both, or of the one, ith; 
only one be mov'd, being alſo given, to find the Ce- 
lerities with which both are mov'd after the Meet. 
ing. Let it be made thus, as the Sum of the Bo- 
dies, is to the Double of the Second Body, ſo i¶ Helo. 
the given reſpective Celerity of Approach to thaliſh,. n 
other Celerity. The Difference betwixt this lager 
found Celerity, and the Celerity of the firſt Boſh. ſe 
dy before the Impulſe (or in one Caſe the Sunif T. 


of them, to wit, where the firſt Body in the Me Bu. 
tion goes before) will give the Celerity of the firliÞþ.re. 
Body after the Meeting; which Celerity being. | 
ſubdued out of the whole reſpective Celerit; © i 
iven, the remainger will be the Celerity of tha. pu 
econd Body after the Meeting. Which Rule ihe: 
thus demonſtrated. The Velocity of the fie Be 
Body after the Meeting will be the Differancpody 
betwixt the Velocity of the firſt before the Meet 4, 
ing and the whole Velocity, where the Bodiq cetir 


are put to be equal, ſo that the Sum of the Bodiq ix 
is equal to the Double of the ſecond Body, Mf{cerin 
appears from the x4th Law: It is therefore ill be 
niteſt, that all the Difference, that is, the Moticſſeetin 

Tcond 
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her, 
ere Mf the firſt Body after the Meeting, doth ariſe 
oom the Difference of the Sum of the Bodies, 


nd the double of the. ſecond Body; and conſe- 
wwently is proportional to the ſame. Which is 

e very Thing that the preſent Analogy ſup- 
zoſeth. 4 ATE. 

For Example : Let the firſt Body be moved to- 
vards the right Hand with the Celerity of Six 
darts; and the ſecond to the contrary Part with 
he Celerity of Four Parts: Let the firſt Body 

Iſo be quadruple of the ſecond Body. The re- 
pective Velocity therefore of approach will be of 
o Parts, 6-|-4 = 10. And the Sum of the Bo- 
lies will be of Five Parts. It will therefore be 
Ce- bus; as the Sum of the Bodies =x5 is to the 
ct-Wifference of them 2; ſo is the whole reſpective 
elocity=ro to r = 4 ; the Difference of which 
elocity, and of the Velocity of the firſt before 
e meeting, will give the Velocity of the firſt 
ſter the meeting. From whence the Velocity of 
e ſecond after the Meeting will be found to be 
f Twelve Parts, QE I. 

Bur if the other Body doth reſt, the Celerity 
Whereof after the Meeting will eaſily and immedi- 
Wcly become known by the former Analogy. To 
it, if the greater Body in the former Example 
Je put to be unmov'd, the Motion thereof will 
mediately be found thus. For as the Sum of 
e Bodies = F, is to the Double of the ſecond 
ody =2 ; ſo is the whole reſpective Velocity 
4, to the Velocity of the Second after the 
eeting = =; or 3. For the Difference be- 
ixt the Celerity of the firſt Body before the 
leeting, which was none at all, and this Celerity, 
ill be the very Celerity of the firſt after the 
tian ſeeting, and conſequently the Velocity of the 

Fond will be Parts 5 or 5. 
(21.) The 
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(21.) The Celeriry which a greater Body per. 
fectly Elaſtic, gives to a leſſer perfectly quiel. 
cent which is perfectly Elaſtic, hath that Propor. 
tion to that Velocity, which the leſſer moved with 
the like Celerity gives to the greater which is qui. 
eſcent, which the Magnitude of the greater hath 
to the Magnitude of the leſs. For by reaſon «f 
the given reſpective Velocity in both, and the 
Sum of the Bodies alſo given, the Computation 
will be alike in both Caſes ; to wit, as the given 
Sum of the Bodies is to the given reſpective Ve. 
locity ; ſo is the double of the greater Body of 
the double of the leſſer to the fought Velocity, 
The Velocities therefore are as the Bodies, 
QED. 

Scholium, We ſhall in this Place, by way of 
Corollary, arinex the three remaining Theorems of 
Hugens hitherto belonging, (albert the Demon. 
ſtration of them is longer than agrees to thi 
Place) both becauſe they are in themſelves moſt 
noble Theorems,, and becauſe, they may ſuffici 
ently appear manifeſt from a Calculation taught 
under the foregoing Problem. | | 

(I.) Two Bodies perfectly Elaſtic meeting one 
another, that which is produc'd from drawing the 
Magnitudes of each into the Squares of their re- 
ſpective Velocities, being added together, both be- 
fore and after the meeting of the Bodies, will be 
found equal on both Sides; if to wit, the Pro- 1B 
portions both of the Magnitudes, and of the Ve... 
locities, be expreſs'd in Numbers or Lines. 

(2.) If any Body perfectly Elaftic, meets ano- 
ther Body which is quieſcent, whether greater of 
leſs ; it will give a greater Celerity thereto, by an 
interpos'd Elaſtic Body of a mean Magnitude, 
| which is likewiſe quieſcent, than if it hit upon 
it wichout the Interpoſition of the other oo 
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and it will confer upon it the greateſt Celerity 
ff all, if the interpos d Body be a mean propor- 
zonal betwixt the Extreams. 

(3.) By how much the greater Number of Bo- 
lies perfectly Elaſtic, is interpos'd betwixt two 
equal Bodies perfectly Elaſtic, whereof the one 
eſts and the other is mov'd, by ſo much the great- 


. 9 r quantity of Motion will be produced in the qui- 
ent Body : But the greateſt Motion of all will be 


onvey'd through the Multitude of the interpos d 
Bodies, if the interpos'd ones, together with the 
xtremes, do conſtitute one continued Series of 
eometrical Proportionals. 

And it is to be noted, that it appears from the 
o laſt Theorems, according to the Author's 
omputation ; that if there be given an 100 Bo- 
ies placed in a Line, which are in a double Pro- 
ortion, and the Motion begins at the greateſt, 
e Celerity of the leaſt will be to the Celerity of 
he greateſt, as 14,760,000,000 to 1 or there- 
bouts, But if the Motion begins with the leaſt, 
e Quantity of the Motion will be increas'd in 


SU. End, in about that Proportion which 1 bears 
one 77, ooo, ooo, ooo. Where in the former Caſe 
— a moſt prodigious increaſe of Celerity ; 


din the latter, a more ſtupendious Augmenta- 
on of the Quantity of Motion. 

But to conclude, what things Hugens aſſerted 
hat I may advertiſe this at length) concerning 
Bodies, or at leaſt concerning all Bodies per- 
Aly hard, we have all along with our Famous 
athematicians Wallis and Newton, demonſtrated 
Bodies perfectly Elaſtic only. Nor certainly, 
ught they to be otherwiſe underſtood or affirm. 
or the Laws of Motion which agree to Bbdies 
ot Elaſtic, are for the moſt part altogether dif- 
Frent from theſe, as is abundantly _— 
| | rom 


gether are not oppoſite one to the other, they cat 
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from what hath been ſaid, and therefore ought i 
no wiſe to be mingled together with the Laws B 
Elaſtics. But as to what concerns Bodies imper no 
fectly Elaſtic, we ſhall deliver their Laws out off®th: 


the famous Newton in the following Lecture. Li 
the 

May 8. 1704. Lit 
= thi: 

: rate 

o 

| wh 

L E C TS. VI. . and 


Law. X VERY Body will in the ſame he, 
(22.) £4 ®IS Time deſcribe the Diagonal ofi im. 
E © parallelogram with Forces con-ſout 
S +32 junct, that it would do the Side her 
with thoſe Forces ſeparate. her 

(In Fig. 3. Plate 2.) Let the Body A be carriedWner: 
in a given time by the ſingle Force A B, impreſs ine 
according to the Direction of the Line A B, fron Force 
A to B; and by the ſingle Force A C impreſs! 
according to the Line A C let it be carried inthe 
ſame time from A to C; and let the Parallel 
gram ABDC'be compleated ; I fay, that by 
both the Forces impreſs'd together, it will be car 
ried in the given time from A along the Diagon: 
unto D. For becauſe theſe Forces impreſs'd tc 


in no wiſe deſtroy one another, but will beget 
certain Motion which is in the middle berwixFi 
both. For ſeeing the latter Force A C, acts 2 
cording to the Line A C, which is Parallel and 
Equal to BD, this Force ought not at all tc 
change the Velocity of coming to the Line BD 


which is produc'd by the former Force. Throws 
che 
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the Body will come in the ſame time to the Line 
BD, whether the latter Force be impreſſed or 
no; and conſequently the Body, in the End of 
the given time will be found ſomewhere in that 
Line BD. And by the ſame Argument, ſince 
the former Force A B, acts according to the 
Line AB, which is Parallel and Equal to CD, 
this Force ought not at all to change the Veloci- 
ty of coming to the Line C D, which was gene- 
rated by the latter Force. Therefore the Body 
would come in the ſame time to the Line C D, 
whether the former Force were impreſs d or no; 
Wand conſequently in the End of the given Time 
ill be found ſomewhere in that Line C D. And 
herefore it is neceſſary, that in the End of that 
ime the Body ſhould be found in D, the Con- 
ourſe of the two Lines B D' and C D. Fur- 
hermore, ſeeing the ſame Thing may in altoge- 
her the ſame manner be demonſtrated of innu- 


rriedWnerable Points d, d, d, Cc. in the ſame Diagonal 
eſs Cine; it is manifeſt, that the Body with theſe 
fron Forces conjoin d, ought always to deſcribe this 
eſs Diagonal Right Line. Q. E. D. ; 


Coroll. (r.) The Forces being given, the Velo- 
ity ariſing from the Conjunction of them will be 
0 much the greater, by how much the Directions 
ff che firſt Forces do the more conſpire together, 
r by how much the Angle BAC is the leſs; 
nd ſo much the leſs as the Directions of thoſe 
orces are the more oppoſite to one another, or 
he Angle BAC is the greater: And the Velo- 
ity of both Directions which tend to go accord- 
ng to the Parallel Lines A C, BD, and AB, 

D, parallel to the Lines B D and CD, or any 
thers whatſoever, is in no wiſe chang'd by the 
onjunRion of theſe Forces, but always remains 


— — ö . ů ˙ ü —˙ X een et. — - — 
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the ſame, as is manifeſt from what has been de 
monſtrated in this Propoſition. 


Coroll. (2) The fame Diagonal Line A DM (+ 
may be deſcrib'd from the conjunction of inn. an 
merable Pairs of Forces. Thus, if inſtead d R. 
the former Force AB you ſuppoſe another, toil}. 
wit AE; and for AC put AF, and then com- 
pleat the Parallelogram A E D E, the Line A DM. 
being the common Diagonal: The Body A fron A. 
the conjunction of theſe Forces will deſcribe the Joi 
ſame Line A D which it did before, as is mani ſer 
feſt from the Propoſition. And there is the ſame 59 


Reaſon for any other Pair of Forces whatever, 
by which the Sides of a Parallelogram, whoſe pot 
Diagonal is A D, ought to be deſcrib'd. Me 
Coroll. (3.) Therefore the Forces being given En 
both in Magnitude and Direction, there is allo eve 
given one right Line to be deſcrib'd, to wit the be 
Diagonal of a Parallelogram : but the deſcribl 
Line or Diagonal being given, the Forces are no 
thence given, nor the Directions by which tha 
Parallelogram was deſcribd. For the Sides of 4 
Parallelogram being given, and the Angle it 
cluded, there is given therewithal the Parallelo ag: 
gram it ſelf, and conſequently the Diagonal « 
that Parallelogram ; but a Line being given ut 
Length and Direction for a certain Diagonal, ths 
Parallelogram it ſelf is not from thence given; t 
wit, becauſe the Line may be the Diagonal d 
innumerable Parallelograms. For as the Sides d 
the Parallelogram, without the included Ang 
do determine no certain Diagonal; ſo neiths 
doth the Diagonal without the adjacent Ang! 
determine any certain Sides. 
Coroll. (4.) Where the primary Forces B. 
B D (ſee Fig. I. Plate 2.) are equal, and comprehen 
the Angle A BD of 12a Degrees, the Velocit 
reſulting from the conjun& Forces, will be thi 


, $1; 
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de- ame as that of either of the ſeparate Forces; 
and the Directions of the Force only will be 
D, chang'd; for in this Caſe the Triangles A B C 
nv and BCD will be Equilateral, and compoſe a 
| of Rhombus; and the Diagonal therefore B C will 
, to be equal to either of the Sides. 
om © Coroll. (5.) Where the primary Forces are equal, 
\ DI and the Angle included by the Sides is a right 
rom Angle, the Velocity ariſing from the Forces con- 
the join'd wall be incommenſurable to either of them 
an ſeparate ; to wit, becauſe the Diagonal of a 
ame Square is incommenſurable to the Side. | 
vero Scholium.: What has been ſpoken in this Pro- 
hole poſition , and. its Corollaries, concerning real 
„ Motions and Velocities, is to be applied to any 
vel Endeavours or Tendencies to Motion whart- 
allo ever. Thus, if the Body A in the former Figure 
| the be impelld by two Forces, which have that Pro- 
ribt portion amongſt themſelves,which the Lines A C 
e nag and AB have, and alſo are impell'd accord- 
ta ing to the Directions of the ſame Lines, or be 
of 4 preſs'd, or drawn in thoſe Directions, or any 
> other way tend according to the ſame, although 
eloEWatual Motion ſhould not preſently follow by rea- 
al aon of ſome Obſtacles, yet notwithſtanding the 
Impulſe or Force ariſing from the conjoin'd For- 
Nees, tends according to the Direction of the Dia- 
Weonal AD; and the Velocity to be produced is to 
Wb: expreſs'd or repreſented by the Line AD; as 
will more cafily be underſtood from what fol- 
lows. 
(23.) All Forces and Motions whatever may be 
ngleFrefolv'd into innumerable Forces and Motions ; 
and on the contrary, direct Forces, and rectili- 
B 3Yncar Motions, may be compounded of innume- 
henq table oblique Motions and Forces. 
locit F 2 Thus 
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Thus in the former Figure, the Line and Dire. 
Aion of the Motion is the ſame, whether it be 
compounded of the Forces A B, A C, or of the 

Forces AF, AF, or ariſe from one ſingle Moti. 
on impreſs'd according to the Line A D. WAnd 
on the other Hand, any Motion wharcrer ap 
the Line AD, although it may ariſe perhaps from 
one ſingle Force impelling right forward, yet 
may be conſidered as compounded of 'A B, AC, 
or AE, AF, and innumerable other the like; 
foraſmuch, as the very ſame Motion would ariſe 
from all thoſe combin'd Forces. And in the 
ſame manner are we to reaſon of Motions more 
compounded. For in the firſt Place, having con -· Nen. 
ſidered a Diagonal Line as reſulting from two ho 
Forces combin d; we may then reduce thoſe twoſſſhe | 

unto one ſingle Force, and conceive a third Force What 
as ſuperadded ; which being join'd to the former, Wide 
will produce a Motion along another Diagonal of 
ſome ſecond Parallelogram, and then may we in 
our Conception ſuperinduce a fourth Force, and 
after that a fifth, and ſo on infinitely. Nor can in- 
deed any direct Force, where there is occaſion to 
reſolve it into more, be otherwiſe reſolv'd than 
thus. Now this Compoſition and Reſolution of 

Forces occurs very frequently, and is abundantly 
confirm'd from Mechanics, as we ſhall now ſhew 
with our Author. 

If unequal Rays O M, ON (ſee Fig. 5. Plate 2.) 
going forth from O, the Center of ſome Wheel, 
do by the Threads MA, NP, ſuſtain Weights 
in Equilibrium, and the Forces of the Weights 
unto the moving of the Wheel be requir'd: 
Throvgh the Center O let the Line K OL be 
drawn, meeting the Threads which ſuſtain theW i 
Weights perpendicularly ; and from the Center 


O with OL, the greater Interval of the 7 
O 
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O K, OL, let there be deſcrib'd a Circle meeting 
he Thread M A in D; then through O and D 
et there be drawn the right Line OD, to which 
et DC be perpendicular, and AC Parallel; 
nd let the Parallelogram D C A be compleated. 
ow becauſe it nothing matrers, whether the 
Points of the Threads K L D be faſtned or not 
aſtned to the Plane of the Wheel; the Weights 
ill be of che ſame Force, whether they be hang- 
d on the Points K and L, or thoſe D and L; 
or (ſetting aſide the Weight of the Thread) the 
ravity of the ſame Body is the ſame whereſo- 
ver the Thread is fixed, ſo it be in a Line per- 
2ndicular to the Horizon: Let therefore the 
hole gravitating Force at A be repreſented by 
e Line AD as the Diagonal of a Parallelogram, 
at from the Proportion of the Diagonal to the 
ide of the Parallelogram, we may come to know 
here it is, that one of the Forces is none at all. 
ow that whole Force which A D deſigns may 
reſolv'd into innumerable Pairs of Forces, but 
eing others are foreign to our Purpoſe, let it be 
ſolv'd into Dc (or AC) and DC ; the one 
wit according to the direction of the protracted 
adius D O, the other Perpendicular to the ſame 
adius. One of theſe Forces A C or cD, by 
aſon that it draws the Radius O D directly 
om the Center (for it tends from D to c in the 
otracted Radius) is of no force at all for 
e moving the Wheel; but the other Force 
C which draws the Radius D O perpendi- 
larly, is of the ſame Force as if it drew the 
:FÞdius OL, equal to O D perpendicularly : 
t ſeeing the Wheel doth by the Hypotheſis 
it in Equilibrio, the Weight P will be to the 
eight A, as the Force DC is to the Force 
A. For the whole Force of the Weight P 

of draw 4 
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draws the Radius OL perpendicularly, and ſo 
confers its whole Force to the moving of the 
Wheel ; but only that Part of the entire Weight 
A repreſented by the Line A D, I fay, only that 
Part of this Weight which is expounded by DC, 
draws the Radius O D, which is equal to OL 
perpendicularly, the Force of the other Part 
which tends according to the Radius O being Ml | 
wholly loſt ; that Part therefore D C only avaib P 
to the moving of the Wheel. Since therefore, b 
becauſe of the Equilibrium ſuppos'd on both Sides, 
the entire Force of the Weight P is equivalent 
only to a certain Part of the Weight A, to wit, to 
D C; it is manifeſt, that the Weight A ought to 
be ſo much greater than the Weight P, by how 
much the Diagonal D A is greater than the Side 
DC ; and that becauſe of the Declination of 
the Body A from the perpendicular D C. As 
therefore the Weight A is to the Weight P, ſo 
is DA to DC; that is, becauſe of like Tri. 
angles ADC, DOK, as OD or OL is to 
O K, therefore the Weights O and P, which are 
reciprocally as the Rays OL and OK which 
are placed in a ſtraight Line, will be of the ſame * 
Force on both Sides, and conſequently ſtand in Ha 
an Equilibrium. And this indeed is the motif Ce. 
known, and the fundamental Property of the 
Balance, Leaver, and Axis in Peritrochio, 
which from the reſolution of Forces is eafily de- 
monſtrated. But if either of the Weights | 
greater than in this Proportion, its ſtronger Foro 
will prevail, and ſuffice to move the Wheel: But 


if the Weight e, equal to the Weight P, be partly ph 
hang d upon the Thread N, and doth pay! 4 
upon the Oblique Plane G; let NH and 2 H — 


be drawn, the former Perpendicular to the Hof 
zon, the latter to the Plane 7 G ; and let che Pj li 
N | rallelogranf 
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rallelogram NR H be compleated. And if the 
entire Force of the Weight v tending downwards, 
be repreſented by the Line NH, ic may be re- 
ſolv'd into the Forces 7 N, RN. Now if to the 
Thread = N, ſome Plane as Q were perpendi- 
cular, cutting the other Plane 7G in a Line pa- 
rallel to the Horizon, and the Weight = lay whol- 
ly upon theſe two * Q, G ;the Weight » would 
preſs theſe Planes perpendicularly, to wit æ Q 
by the Force 7 N, and the Plane = G by the Force 
RN. And therefore if the Plane O ſhonld be 
taken away, that the Weight ſhould ftretch the 
Thread, becauſe the Thread doth now by ſuſtain- 
ing the Weight ſupply the Place of the Plane 
which is taken away, it will be ſtretch'd with the 
ſame Force » N wherewith the Plane was before 
preſsd. From whence the Tenſion of this Ob- 
lique Thread will be to the Tenſion of the other 
perpendicular Thread PN, as N is to NH; 
and therefore if the Weight be increas'd in the 
Proportion of NH to N, it will ſuſtain the 
Weight A, and the Wheel will not be mov'd. 
From whence, if the Weight 7 be to the Weight 
A in the reciprocal Proportion of the leaſt Pi- 
ſtances of their Threads AM PN from the 
Center of the Wheel, oras KO to OL, and 
alſo in the direct Proportion of NH to LN; 
za chat is, joining both Proportions together, as the 

Rectangle KO x NH to the Rectangle OL 
x 7 N, the Weights will be of equal Force to 
the moving of the Wheel ; and conſequently they 
will ſuſtain each other in an Equilibrium, as any 
one may eaſily find upon Tryal. 

Corollary (1.) From hence we may diſcover 2 
new way for meaſuring all leſſer Weights from one 
given Weight. For if the Plane 7G, perſectly 
poliſh'd, be placed gradually at divers Degrees of 
| F 4 Inclination 
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Inclination, the ſame Weight v or P will be equi- 
valent to divers Weights whatſoever leſs than it 
ſelf; to wit, in the Proportion of the Line » N 
to HN. And conſequently, if a Table ſhould 
be made, of the Proportions of the Lines * N and 
HN in the divers Degrees of Inclination ; it will 
be eaſy from the Inclination of the Plane 7G, 
and one only given Weight 7 or P to examine 
and determine the Weights of all Bodies leſs than 
＋ Or P. a | 

Coroll. (2.) Hence likewiſe we may eſtimate the 
Velocities or Weights of Bodies, deſcending or 
declining in any Plane whatſoever : Let AB be 
the inclining Plane, and (ſee Fig. 6. Plate 2.)of the 
Body deſcending along that Plane, or leaning up- 
on it; let the entire Force of its Gravity be re- 
preſented by the Line df perpendicular to the 
Horizon; and let that whole Force. be reſolv'd 
into two Forces fc, and f g, of which let the one 
be perpendicular to the inclined Plane, for the 
bearing of which therefore that Plane adequatel 
ſufficeth ; and let the other be put Parallelwiſe 
with reſpect to the inclined Plane, which there- 
fore is fitted for exciting a Motion, or at leaſt 
for procuring an Endeavour towards Motion 
without any Impediment. The Motion therefore 
or Weight in the inclined Plane, is to the Motion 
or Weight in the Plane perpendicular to the Ho- 
rizon, as the Side fg is to the Diagonal Line 
fd; that is, becauſe of the likeneſs of the Tri- 
angles fgd and ABC as AC is to AB, or 
as the Radius is to the Secant of the Angle BAC; 
which is a Propoſition very well known in Me- 
chanics. 

Coroll. (3.) From hence alſo the Force of the 
Wedge appears. Let (Fig. 7. Plate 2.) C C A be a 
Wedge ſtruck by a Mallet with a direct, Blow; ws 

| the 
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the whole Force of the Stroke be expreſſed by 
the Line D A; and let it be reſolv'd into two 
N forces DQ and DR ; the one of which let be 
ad perpendicular to the Face of the Wood CA, 
nd and conſequently directly ſet to remove the 
vill ſame Face, and the other DR parallel to the 
G, WW fame Face, and conſequently poſited to go for- 
ine ward directly; and let the ſame be underſtood 
an WM of the other half of the Wedge DAC. The 

removal then of the lateral Obſtacle , accord- 
the ing to the Line DQ, is to the Progreſs of 
or Wthe Force downwards, according to the Line 
be D R, as DQ is to DR; thaggs, becauſe of the 
the MW Triangles DQ A, DCA, Which are like, as 
up- MDC is to DA; or the force of the other Part 
re- being computed, as C C is to D A; which al- 
the Mio is a moſt known Property of a Wedge, and 
univerſally receiv'd in Mechanics, Or, if we be 
minded to diſpatch the Matter with Sir Iſaac 


the {W.Newton out of what has been before demonſtrated ; 
ely Ihe Weight 7, in the laſt Figure ſave one, lying 
ride Mupon the two oblique Planes Q, G, will have 
re- Nhe Nature of a Wedge betwixt the interval Fa- 


es of the cloven Body ; and from thence the 
Force of the Wedge and Mallet will be known. 


ore or the Force wherewith the Weight = preſſeth 
ion pon the Plane 7 Q, is to the Force wherewith 
Jo- be ſame is impell'd, either by its own Gravity, 
ine r by the Stroke of the Mallet, according to the 
[ri- Nine perpendicular to the Horizon, as N is to 

or NH; and is to the Force wherewith it preſſeth 
\C; pon the other Plane 7G, as N is to NR. 
Me- Nay the Force of the Screw likewiſe may be col- 


ted by the like diviſion of Forces, foraſmuch 
5 the ſame, in our A#bor's Opinion is a Wedge 
orced by a Leaver. 


Scbolium, 


74 Mathematical Philoſophy. 


Scholium, The uſe therefore of this Compoſii- 
on and Reſolution of Motion, appears of very 
wide Extent, and from its Clearneſs demonſtrates 
its own Truth, ſince all the Mechanic Science, 
which is diverſly demonſtrated by Authors, de- 
pends upon the Things which have been now 
ſaid: For from theſe are deriv'd the Forces of the 
Machines which are wont to be compos'd of 
Wheels, Screws, Leavers, | 
and Weights, aſcending directly or obliquely, and 
the reſt of the Mechanic Powers ; as alfo the 
Force of Muſcles for moving the Bones of living 


Creatures, 


CCCE-CCECES CECCECCCECEETIE 
is collected, by taking the Sum 

IO: 
Ne made to the contrary Parts, is 
For Action, and the contrary to it Re- action, 
Bodies towards the contrary Parts. Therefore, 
which flies away, will be ſubducted from the Mo- 


Octob. 23, 1704. 
nee r. Vi 

(24.0 282 HE Quantity of Motion which 

T e of Motions made to the ſame 

Part, and the difference of thoſe 

not chang'd by the Actions of Bodies one upon 
another. 

are equal by the Fifth Law ; and conſequently 

by the Fourth, they make equal Mutations of 

if the Motions be made to Jr ſame Part, what- 

{oever is added to the Motion of the Body, 

tion of that which follows, ſo that the Sum ſhall re- 

main 
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main as before. But if Bodies meet one another 


in the ſame Line, there will be an equal ſubdu- 

ates Wl gion from the Motion of both, and conſequent- 
ce, iy che difference of the Motions made to con- 
de- trary Parts will remain the ſame.” As if the Sphe- 
10W BW rical Body A be Threefold greater than the Sphe- 
the WF rical Body B, and have two Parts of Velocity; 
| of and B follows in the ſame right Line with 10 Parts 
of Velocity; and conſequently the Motion of the 
7 Body A, reſulting from its Velocity and Magnitude 


together, is to the Motion of the Body B, eſtimated 
in the ſame manner as 6 is to 10; therefore the 
Sum of the Motions to the ſame Part is of 16 Parts. 
In the meeting together therefore of the Bodies A 
and B, if the Body A, according to the Quantity 
of its Elaſticity, doth gain three Parts of Moti- 
on, or four or five, the Body B ſhall loſe ſo many; 
and conſequently the Body will go forward after 
Reflection, with Nine Parts, or Ten, or Eleven, 
and B with Seven, or Six, or Five, the Sum of 
Sixteen Parts, remaining always as. before; as the 
thing will always happen in Bodies not at all, or 
at moſt in a leſs degree Elaſtic. But if the Body 
ſhall gain 9, ro, or 11, or 12 Parts, and ſo go 
forwards, after the meeting with Fifteen Parts in 
all, or Sixteen, or Seventeen or Eighteen ; the 
Body B, whilſt it loſeth ſo many Parts as A gains, 
either will go forward with one Part having loſt 
f Nine; or it will reſt, its progreſſive Motion of 
om Ten Parts being wholly loſt; or it will go back 
* with one Part, having loſt its Motion, and (as I 
5 0 may ſay) one Part more, or it will retrocede with 
ore, two Parts, becauſe of the progreſſive Motion of 
hat- twelve Parts which was taken away. And fo the 
ody, N sums of the conſſ jiring Motions 15+1, or 16+0 ; 
Mo- Hand alſo the Differences of the contrary Motions 
| re- I7---x, or 18-+--2, will always be of Sixteen Parts, 
nal Was it was before the Meeting or Reflection; Ron 
| Wi 
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will happen alſo in Bodies imperfectly Elaſtic, 
as may ſufficiently be underſtood from the 
Laws of Motion before delivered, and is after- 
wards to be ſaid concerning Bodies imperfect- 
ly Elaſtic. But the Motion wherewith Bodies go 
forwards after Reflection being known, there will 
be found the Velocity of the ſame after the Re- 
flection, by ſaying it is to the Velocity which was 
before the Reflection, as the Motion after is to 
that which was before. As in the laſt Caſe, where 
the Motion of the Body A was of Six Parts be- 
fore the Reflection, and of Eighteen afterwards, 
and its Velocity was of two Parts before the Re- 
flexion ; its Velocity will be found to be of Six 
Parts after the Reflexion, by ſaying according to 
the Golden Rule ; as Six Parts of Motion before 
the Reflexion is to Eighteen Parts afterwards, ſo 
is the Velocity of two Parts before the Reflexion 
to Six Parts of Velocity after. For ſeeing the 
Quantity of Motion doth ariſe from the Velocity 
and Magnitude conjunctly, in a given Body the 
Quantity of Motion will be eſtimated from the 
Velocity alone, and conſequently the Quantity 
of Motion and Velocity will be directly propor- 
tional to each other. But if Bodies not Spherical, 
or which move in divers right Lines,fall one upon 
another obliquely, and their Motions after the 
Reflexion be required ; the ſituation of the Plane, 
by which the concurring Bodies are touched in 
the Point of Concourſe, is to be conſidered and 
known. Thus the Motion of both Bodies is to he 0 
be diſtinguiſh'd into two, one perpendicular to Þ be 
the Plane, the other parallel to the ſame ; but the C 
parallel Motions, by reaſon that they are in no lle 
wiſe oppoſite to each other, the Bodies acting up- Wourſ; 
on one another, according to a Line perpendicu- 
lar to this Plane, the ſame are to be gg 
. alter 
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after the Reflexion as well as before; and equal 
utations to the contrary Parts are to be attri- 
buted to the perpendicular Motions, in ſuch ſort, 
that the Sum of the conſpiring Motions, and the 
difference of the contrary ones remain always as 
before. As for Example : Let the Body A (ſee 
Fig. 8. Plate 2.) which is Spherical, and oy 
Elaſtic, be threefold of the Body B, which is alſo 
Spherical and perfectly Elaſtic, and let A have 
two Parts of Velocity, repreſented by the Line 
AF, divided into two equal Parts ; and let the 
Body B meet it obliquely according to the right 
Line B E, in the Angle A E B, with ten Parts of 
Velocity, repreſented by the Diviſion of the Line 
3E into Ten Parts equal amongſt themſelves, 
and to the former; let the Angle A E B be biſect- 
2d by the right Line OE M; Let AG and BO 
be let down perpendicular to the Line EO; and 
ke Parallelograms A CE G, BOE D be com- 
pleated. The Plane then which paſſeth through 
O M, will be that by which the Spherical Bodies 
ill be touched in the Point of Concourſe; and 
he oblique Motions along the Diagonals A E 
nd BE will be diſtinguiſn'd on both Sides into 
wo, to wit AE into AG and A C, and BE 
nto BO and B D; one of which Motions A G 
nd BO, or CF and ED are perpendicular to 
he Plane of Concourſe; to which alone there- 
ore, as being directly oppoſite to each other, and 
ending to the contrary Parts EC and ED, all 
he change of the Motions in the Concourſe is 
d be referred, in the mean while that the other 
C and BD, or GE and OE which are pa- 
allel each to the other, and in the Point of Con- 
durſe tend wholly unto the ſame Part, are ſo far 
om being contrary to one another, that they 
re rather to be reckon'd to conſpire together di- 
realy, 
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realy, and conſequently are to be retain d aſtet - 
the Reflexion as well as before. Wherefore let 
E I be equal to EG, and E M equal to EO; 
and that we may eſtimate the Mutations of Mo 
tions made to the contrary Parts, and to be dire- 
&ed according to the Line C D; let us make the 
computation. according to the Twentieth Law of 
Motion, borrowed from Hugens. Let it be made 
then, as the Sum of the Bodies A and B 245 
to the double of the Body B= 2; fois CD the 
reſpective Celerity of the approach, which is c 
Twelve Parts, (for becauſe the Triangles A GE, 
BO E are like, AG or CE is to BO or EDU 
as AE= 2 is to EBD 10 ; and conſequently, 
AE EB S 12) to the half of CD CF = 
6. And the Difference betwixt the Celerity « 
Six Parts, and the Celerity of the Body A be. 
fore the Impulſe which was of Two Parts, which 
is equal to 4, will give the Celerity wherewit 
the Body A will be mov'd after the Concourſe; 
which Celerity being taken away out of the wholkk 
reſpective Celerity which was before the Impulſe, 
to wit, 12 —- 4 2 8, there remains the Celerit 
of the Body B after the meeting. Let therefor - 
E N be of Four Parts, and E L of 8, and th 
Parallelograms ENHI, and ELK M being 
compleated, and the Diagonals E H and E\ 
being drawn, the Bodies A and B in the fam 
time in which they haſtened to the Meering be 
fore, according to the Diagonals A E and B 
will come after the Meeting, to the Points H an 
K, being reflected into the Diagonals E H, an- 
E K; and the Motion of the Body A will b 
of 4x3=12 Parts; and the Motion of the 
Body B =8x x =8 Parts, the difference i 
which Motions is Four Parts, which was alſo the 


difference of the Motions before the Meeting 
2 | Wherely: 
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erefore in this Caſe the Quantity of Motion 
ich is collected by taking the difference of 
> Motions made to the contrary Parts, is not 
znged by the Action of the two Bodies upon 
e another ; and conſequently in Bodies daſh- 
one upon another obliquely, this Rule holds 
od; as well as in Bodies which directly meet 
e another. Now from theſe Reflexions, there 
wont to ariſe circular Motions of Bodies about 
ir own Centres : But we ſhall have no occa- 
n to conſider theſe Caſes in what follows ; and 
would be too long to demonſtrate all the Things 
teto appertaining. 


Lemma to the 25th Law. 


If two right Lines given in Poſition, A C and 
D, (Fig. 1, Plate 3,) be terminated at the given 
ints A and B, and have a given Proportion to 
e another; and the right Line C D, where- 
th the indeterminate Points C and D are join d, 
divided in the given Proportion in K; I ſay, 
the Point K will be placed in a right Line gi- 
in Poſſtion E. 
For let the right Lines A C and BD (if they 
not Parallel) meet together in the Point 
; and in BE let BG be taken in the ſame 
portion to AE as, is B D to AC: And let 
D be equal to EG. Here EC will be to 
D, that is, to E F, equal by Hypotheſis to G D, 
AC is to B D, and conſequently. will be in 
Proportion given; therefore the Triangle 
C; will be given in Species (ra wit as having 
Angle CE F, and the Proportion of the Sides 
t the fame Angle given) let C F be cut in 
in that given Proportion, and ſo there will be 
en in Species the Triangle E F L (by — 
o 


—U— — — — 


right Lines A C, and B D, the Line joining t 


to cd as CK is to CD. It is manifeſt the 
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of the given Proportion of the Sides about 
given Angle EFC ;) and therefore the Poin 
will always be plac'd in the Line EL given 
Poſition. Join L K; and becauſe of FD which 
given, as being equal to E G given, and the 
portion of LK to FD which is given, the ſa 
to wit as that of CK to CD, LK will beg 
ven. Let EH be taken equal to L K, and f 
K H will be a Parallelogram, for LK is para 
to F D, and conſequently to E H the protrad 
part of the ſame Line, to which it is by the H 


potheſis equal. Therefore the Point K is pla yi 
in HK a ſide of a Parallelogram which is gi on 
in Poſition. Q. E. D. But then, if the right Lin {-( 
AC, BD, be parallel each to other, the Poi the 
of Concourſe will be infinitely diſtant,that is naWI ir 
at all; and all the Lines E C, EL, H K, EH Vit 
will be parallel to one another.(ſee Fig. 2. Plat Mitra 
In which Caſe the Lemma is thus demonſtrai inc. 


Let the Points terminating the Lines A C, B 
which have a given Proportion, be join'd by t 
Lines A B, C D, and let theſe joining Lines 
protracted to meet together ih Q; through 
Point K which divides the Line CD in the 
ven Proportion, let HK be drawn parallel 
AC and BD : I ſay, that the Point K is pla 
in the right Line HK given in Poſition. 
whereſoever the Points C and D are taken in 


Points will tend to the Point Q, as in the Po 
c and d, and the joining Line c d will be div 
in that given Proportion by the Line HK: 
according to the Hypotheſis, and in this Fig 
Ac is to Bd as A C is to BD ; as allo ace 
ing to the Hypotheſis and in this Figure ck 
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fore in this Caſe, that the Point K is always 
placed in the right Line given in Poſition. 

Coroll. (1.) If two Points go forwards together 
with an uniform Motion in right Lines, and their 
diſtance be divided in a given Proportion, the di- 
viding Point will be placed in a right Line given 
in Poſition ; and that Point as K will be mov'd 
uniformly in that right Line. For, becauſe of the 
Uniform and Even Motion of both Points, the 
Lines of Motion which they deſcribe at the ſame 
time will always be in a given Proportion, to 
wit, in the Proportion of the Celerities which are 
on both Sides equable : From whence it is mani- 
feſt by the things already demonſtrated , that 
the Point K will always be carried in the right 
Line HK, But that it is carried uniformly, and 
| with an equable Motion, will be thus demon- 
MlateWſtrated : H K is always equal to EL, and EL 
ſtrau h increaſeth in the ſame Proportion as the Lines 


, DME C and E F proportional to ic, which Lines 
by Ware alſo proportional according to what hath 
nes been already ſaid, co AC and BD, along 
gh which the Bodies are mov'd at the ſame time. 


EC therefore is to EF, as AC to BD; from 
hence, ſince thoſe Lines by the Uniformity of 
he Motion do increaſe equally ; E L alſo, and 
K, which is proportional to the fame, will al- 
o increaſe equally ; or, which is the ſame thing 

he Point K will be carried with an uniform and 
quable Motion along the Line HK. Q. E. D. 
divigfAnd we may argue in like manner in the ſecond 
L: Caſe where the Lines were ſuppos'd parallel. Nor 
Fig there need of more Words in ſo plain a 
Matter. The truth of the Lemma will like- 
ch iiſe be concluded concerning a ſolid Place 
they almoſt the like Demonſtration, viz. if you 
onceive a Plane cutting the leaſt diſtance of the 
G Lines 
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Lines in the ſame Proportion and perpendicular 
to the ſame diſtance ; and if you imagine Lines 
let fall perpendicular to the ſaid Plane, the De- 
monſtration will be as in this Propoſition, if in- 
ſtead of the Lines of Motion, ſuppos'd in different 
Planes, we uſe the Lines joining the Perpendicu- 
lars, which will be in the ſame Plane. 

Coroll. (2.) If both Points go forwards unto the 
ſame Part, the dividing Point will alſo go for- 
wards unto that Part: From whence in every 
Caſe, that dividing Point K will either reſt or be 
mov'd uniformly in a right Line. If one of the 
Points be movd unto this Part, another te the 
contrary, the Point K will be mov'd more ſlowly 
unto one Part or the other, according as the Pro- 
portions of the greater Celerity, or of the diſtance 
from the Point K ſhall require: Or laſtly, if 
thoſe. ſhall be Proportions of Equality, and pre- 
vail on neither ſide, the dividing Point will be 
mov'd to neither Side, but wholly reſt. 

(25.) The common Center of Gravity of a Sy- 
ſtem of Bodies doth not change its State either of 
Motion or Reſt, from the Actions of the Bodies 
amongſt themſelves, (whether they be Attraction 
or Impulſes ;) and therefore the common Center 
of Gravity of all Bodies acting upon one another 
(Actions and Impediments, whether External or 
otherwiſe gotten being excluded) doth either reſt, 
or is mov'd uniformly ſtraight forwards. For if 
two Bodies or Points, as C D go forwards with 
an uniform Motion in the right Lines A C, BD, 
and their (ſee Fig. 1, 2. Plate 3.) diſtance CD be 
divided in a given Proportion ; (as the Line al- 
ways paſling through the Centers of the mov 
Bodies is divided by K the common Center of 
Gravity of both in a given Proportion, to wit, 
that which is reciprocal to the Bodies) their com- 

| mon 
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mon Center of Gravity K, will either reſt or ba 
N mov'd uniformly in the Line KH. Therefore if any 
i Number of Bodies be mov'd uniformly in right 
Lines, the common Center of any two of them ei- 
ther reſteth or goeth forwards uniformly in a right 
mM Line; becauſe that the Line connecting the Cen- 
ters of thoſe Bodies which go forward uniformly 
in right Lines, is divided by the common Center 
of Gravity in a given Proportion; in like man- 
ner, the common Center of theſe two, and any 
third Body whatever, either reſts or goes forwards 
uniformly in a right Line; becauſe that the di- 
ſtance of the Center of Gravity of theſe two, 
and of the. Center of the third, is divided thereby 
in 2 given Proportion, to wit, a regiprocal 
Proportion to the third Body, and the Syſtem of 
the two : For the common Center of Gravity of 
the two goes forwards uniformly in a right Line, 
and conſequently is to be reckon'd as if it were 
the Center of a ſingle Body. In the ſame man- 
ner, the common Center of Gravity of theſe 
Three and any Fourth, either reſts or goes forwards 
uniformly in a right Line; becauſe the diſtance 
betwixt the Center of Gravity of the Three, and 
of a Fourth, is divided in a given Proportion ; 
and ſo on in inſinitum. Therefore in a Syſtem of 
Bodies which are altogether free-from Actions up- 


nn on one another, and others alſo impreſs'd from 
pt without; and which conſequently do either reſt 


or are mov'd uniformly in ſeveral right Lines, the 
BY, common Center of Gravity of all either reſts or 
D Bi; mov'd uniformly ſtraight forwards. Moreover, 
In a Syſtem of two Bodies acting upon one ano- 
; ther, ſince the Diſtances of the Centers of both 
from the common Center of Gravity is recipro- 
cally as the Bodies, the Relative Morions of the 
lame Bodies, of coming to that Center or de- 
mos G 2 parting 
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parting from the ſame, (whether the one be from 
Attraction, or a Centripetal Force, or the other 
be from an Impulſe or a Centrifugal Force) are 
equal betwixt themſelves, and the Velocities of 
Acceſs or Receſs are reciprocally proportional to 
the Bodies, that is, directly proportional to the 
Diſtances from the Center of Gravity of both. 
From whence, by thoſe Actions the diſtance 
from the Center will be proportionally increas'd 
or diminiſhd ; and therefore that Center is nei- 
ther advanced forwards nor retarded, nor ſuffers 
any change in its own State as to Motion or Reſt, 
from the equal Changes made to the contra 

Parts, and conſequently the Actions of theſe 


Bodies amongſt themſelves, whether they re- 


pel one another or attract, do not any ways 
alter the State of the common Center of Gra- 
vity. Now in a Syſtem of more Bodies, becauſe 
the common Center of Gravity of any two 
acting mutually upon each other, doth not in 
any wiſe by reaſon of that Action change its 
State; and the common Center of Gravity of 
the reſt ſuffers nothing therefrom ; but the di- 
ſtance of the Centers of theſe two is divided by 
the common Center of all the Bodies into Parts 
reciprocally proportional to the Sums total of 
the Bodies whoſe Center of Gravity they are, 
and conſequently thoſe two Centers keeping 
their State of Motion or Reſt, the common Cen- 
ter of Gravity of all will alſo keep its State; 
from hence it is manifeſt, that that common 
Center of all never changeth its State as to Mo- 
tion or Reſt, becauſe*of the Actions of two Bo- 
dies betwixt themſelves. . But in ſuch a Syſtem of 
all, the Actions of all amongſt themſelves are ei- 
ther of two Bodies ; in which Caſe the common 


Center of Gravity of the whole Syſtem is no- 
thing 


Fg 
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thing chang'd, as we have already ſhewn ; or 
compounded of the Actions which are betwixt 
Couples of Bodies ; and therefore they will ſu- 
perinduce no change in the State of Motion or 
Reſt to the common Center of Gravity. For if 
by the Action of A upon B, the State of the Cen- 
ter of Gravity is nothing chang'd, nor by the 
Action of C upon B; neither will the ſame be 
diſturb'd by the conjunct Forces of C and A up- 
on B. Wherefore, ſeeing that the common Cen- 
ter of Gravity, when Bodies do not act upon one 
another, either reſts or goes forwards uniformly 
in ſome ſtraight Line; the ſame will continue 
notwithſtanding the Actions of Bodies one upon 
another, either always to reſt or to go forwards 
in a right Line uniformly, unleſs it be moved 
from this State by ſome extrinſic Force impreſs'd 
upon the Syſtem. There is the ſame Law 
therefore of a Syſtem of Bodies as to perſeve- 
rance in the State of Motion or Reſt, that there 
is of one ſingle Body. For the progreflive Mo- 
tion, whether of a ſolitary Body or of a Syſtem 
of Bodies, ought always to be eſtimated from the 
Motion of the Center of Gravity. 


Ofob. 30, 1704. 
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(26.) H E Motions of two Bodies in- 
N cluded in a given Space, and 
1 So partaking of the Motion there- 
Ne of, are the ſame amongſt them- 

ſelves, whether that Space reſt- 
eth, or that the ſame is mov'd uniformly ſtraight 
forward without a Circular Motion. 

For the difference of the Motions tending to 
the ſame Part, and the Sums of thoſe which tend 
to the contrary Parts, are the ſame at the begin- 
ning in boch Caſes (by the Hypotheſis) ; and 
from theſe Sums or Differences: ariſe the Con- 
greſſes or Shocks whereby the Bodies encounter 
one another, | to wit, of the Sums of the Moti- 
ons tending to the contrary Parts, and the Dif- 
ferences of the ſame when trending to the ſame 
Part.] Therefore by Law 4th, the Effects of the 
Congreſſes will be equal in both Caſes, and 
therefore che Motions amongſt themſelves in one 
Caſe will remain equal to the Motions amongſt 
themſelves in another. For the common and uni- 
form Motion of the Space, and included Bodies 
which tends to the ſame Part, will either by 
equally accelerating all, as in caſe rhey all tend 
ro the ſame Part with the Space it ſelf, or by ad- 
ding ſo much to one as it takes away from ano- 
ther, as in thoſe which tend to the contrary Parts, 
make that the Forces at the Meetings of the Bo- 
dies will be in no wiſe changed. This ſame thing 
is provd by a manifeſt Experiment ; for all Mo- 
f tions 
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tions are in the ſame manner in à Ship, whether 
ic reſteth, or be carried uniformly ſtraight for- 
wards. 

(27.) If Bodies be mov'd in any wiſe amongſt 
themſelves, and be preſſed with equal accelera- 
tive Forces according to parallel Lines, they will 
all continue to be mov'd in the ſame manner 
amongſt themſelves, as if they were not preſſed 
with thoſe Forces. For thoſe Forces will- move 
all the Bodies equally as to Velocity, whilſt they 
act according to the Quantities of the Bodies 
to be mov d, and in parallel Lines 3 and therefore 
they will not change their Poſitions and Motions 
in reſpe& of one another. 


A Lemma to the Experiments following : 


The Velocity of a pendulous Body in the low- 
2{ Point of any Circle, is always as the Chord 
of the Arch which is deſcribd in the falling. 
(See Fig. 3. Plate 3.) 

Let CAB be a right Angle, Cor H a move- 
able Body hanging by the Thread CA or HA 
upon the Center A, which will fall down in the 
Arch CB or HB. I ſay that the Velocity of 
the Body C, in the loweſt Point B, is to the Ve- 
locity of the Body H in the fame Point, or ra- 
ther the Velocicy of the ſame Body falling firſt 
along the Arch C B, and afterwards the Arch 
HB, is as the Chord CB is to the Chord H B. 
For the Velocity of the Body, falling through 
the Arch CB, as we ſhall demonſtrate by and 
by (Coroll. 5. Prop. 6. following) is in the loweſt 
Point B (that Velocity, to wit, wherewith the 
Body would go on to be mov'd in a right Line, 
which toucherh the Circle in B, if it ſhould leave 
the Thread in B) is, I fay, the ſame, as that 

G 4 | which 
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which the Body would have in the Point F, if it 
had fallen perpendicularly along CF. And by 
the ſame, the Velocity of the Body which falls 
from H according to the Arch H B, is the ſame 
as that which it would have in the Point K, if it 
ſhould fall perpendicularly along HK: | the ſame 
Celerity, to wit, being impreſs'd in Spaces be- 
twixt parallel Planes, whether the Tranſit through 
thoſe Planes be perpendicular, as in Bodies falling 
perpendicular to the Horizon ; or whether it be 
oblique, as in pendulous Bodies deſcribing circular 
Arches, as will be more fully made appear after. 
| wards. ] Therefore the Velocity of a Body deſcend- 
ing along the Arch H C B, is to the Velocity of 
the ſame deſcending along the Arch H B, as the 
Velocity of a Body falling along CF, is to the 
Velocity of that which falls down H K. But 
(by Coroll. Prop. 4. beneath) The Velocity of 2 {Mito 
Body falling down in CF, is to the Velocity of Ne 
a Body falling down in H K, in the ſubduplicate Mom 
Proportion of the Line C F to the Line HK; and un 
(as will appear from Prop. 2. following) the Chord ere 
CB is to the Chord H B in the ſame ſubdupli- W the 
cate Proportion of CF to HK. From whence 
it follows, that the Velocity of the Body deſcend- 
ing along the Arch C B, is to the Velocity of a 
Body falling down the Arch HB in the loweſt 
Point B, as the Chord C B is to the Chord H B. 
E. | 
Corollary, From hence is to be corrected the 
Error of Hugens, or rather of his 
+ De vi Centri- Editors, who ſuppoſe that the Pro- 
ſug. p. 426,427- portion of Velocity in the Point 
Le. B, is the ſame as that of the Lines Nwixt 
themſelves CF, HK, when it is only the ſub-W is r 
duplicate Proportion of the ſame, as we have al- WW 2t « 
Y "a 8 „ 3 | ready det WI. 
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into its Place: Let the Body A fall from d 
Point S; and the Velocity thereof in the poi 
of Reflection A, will, without ſenſible Error, | 
the ſame, as if it had fallen in a Vacuum fro 
the Point T ; the Body A by falling ſomethi 
higher, compenſating the Reſiſtance of the Air 
and therefore, according to the juſt now demo 
ſtrated Lemma, let this Velocity of the Body i 
the Point A be repreſented by the Chord oft 
Arch T A. After the Reflexion, let the Be 
A come unto the Place s, and the Body Bto d 
Place k, whether the Bodies be Elaſtic or n 
Let the Body B be taken away, and the Pla 
cu) be found, from which if the Body A was | 
down, and ſhould after one entire Vibration 

turn to the Point (r); (s t) may be a fourth P. 
of (ru) which (st) is ſituate alſo as before int 
middle : And by the Chord of the Arch (t A) 
the Velocity which the Body A hath after its a 
flexion in the Point A be repreſented ; for (t) » 


1 
0 


be the true and correct Place unto which the Ming 
dy A, the reſiſtance of the Air being taken aw th: 
ought to have aſcended ; and by the like Meth wo. 
will the Place (k) be to be corrected, that to vi Bot 
to which the Body B aſcends, and the Place (Wr:s 

to be found, that to wit, unto which the Bons 
ought to have aſcended in a Vacuum. By Mere 
means we may try all this ſort of Experiments Wn P 


like manner as if we were placed in a Vacu 
Then at laſt the Body A is to be drawn into 
Chord T A, which repreſents its Velocity, t. 
the Motion of it in the Point A juſt before theR 
flexion may be had; and afterwards into the Che 
(t A), that the Morion of the ſame in the Poi 
A preſently after the Reflexion may alſo be ha 
As in like manner the Body B is to be drawn | 
to the Chord (BI) that the Motion of it preſent 
| of 
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ter Reflection may be had; and by the like Me- 
od where two Bodies are let down together 
om divers Places, there are to be found the Mo- 
ons of both, as well before as after the Reflecti - 
, and then thoſe Motions are to be compar'd at 
ngch betwixt themſelves, and the Effects of the 
eflexion to be collected. By experiencing the 
ing in this manner in Pendulums of ten Feet, 
this in Bodies both equal and unequal, and by 
aking that the Bodies ſhould meet together from 
ry great Intervals, as of Eight, Twelve, or Sixteen 
et, the Famous Sir aac Newton always found, 
ithout an Error of Three Inches in the mea- 
res, when the Bodies did directly meet each 


nher, that the change of the Motion to the con- 
h Pry Parts was equally in both Bodies, and con- 
in til uently that Action and Re- action, according 


the fifth Law were always equal. As if the Bo- 
ſhould fall upon the Body B, which is at 
ſt, with Nine Parts of Motion, and ſeven Parts 
ing loſt in the Conflict, ſhould go forward af- 
the Reflexion with two Parts only, the Body 
would rebound with thoſe Seven which A loſt. 
Bodies meet one another, A with Twelve 


res of Motion, and B with Six; and A re- 
ns with Two, B would return with Eight; 
By re being made to wit, a ſubduction of Four- 
ents n Parts on both Sides. Let Twelve Parts be 


dufted from the Motion or A, and there will 
ain nothing; let there be ſubſtracted other 


y, to Parts, and then there will be a Motion of 
the N Parts unto the contrary Part. And ſo as to 
Cho Motion of the Body B of fix Parts, by ſub- 
e Peiting 14 Parts, there will ariſe Eight Parts of 
de tion the contrary way. But if the Bodies 
wn Muld be carried to the ſame Part, A more ſwift- 
reſen 


Wwich fourteen Parts, and B more ſlowly = 
| 1 ve 
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five Parts, and after the Reflexion A ſhould 
forward with five Parts, B would go forwards wi 
fourteen, there being made a Tranſlation of Ni 
Parts from the Body A to the Body B, and ſo in: 
other Caſes. The Quantity of Motion which u 
collected from the Sums of the conſpiring Ma 
ons, and the difference of the contrary ones, u 
never found in the Tryals of the foreſaid gre 
Man to be changed by the Congreſs or Colliſ 
of Bodies. For the Error of one Inch or two 
the Meaſures is to be attributed to the difficul 
of performing every thing with due exactneſs. H 
it was not an eaſy thing to let down the Pend 
lums juſt at one time, ſo that the Bodies ſhou 
daſh one upon another in the loweſt Place A} 
then to note the Places s and k, to which ti 
Bodies aſcended after the Congreſs, was difficult 
and in the Ballsthemſelves which were to be u 
the unequal Denſity of the Parts, and the irreę 
lar Texture ariſing from other Cauſes muſt nes 
bring in ſome ſort of Errors. But further, leſt z 
ſhould object, that the Rule, for the proving 
which this Experiment was invented, doth p 
ſuppoſe either that the Bodies are abſolutely h: 
or at leaſt perfectly Elaſtic, of which ſort there: 
none perhaps to be found in natural Compoſitiot 


we add, that the Experiments now deſcribd i 


ſucceed as well in ſoft Bodies as in Bodies H 
and Elaſtic ; theſe Experiments not depending 
all upon the Condition of the Hardneſs or Elal 
city of Bodies. For if the thing were to be t 

in Bodies not perfectly Hard or Elaſtic, the! 
flexion ought only to be diminiſh'd in a cert 
Proportion according to the Quantity of the 


ſtic Force which is diminiſh'd. In the Theory | 


Wren -and Hugens, Bodies abſolutely hard ret! 
from one another with the Relative Velocity 
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» Congreſs ; but with the famous Wallis it is al- 
ether to be ſaid, that this holds in Bodies per- 
rfetly Elaſtic only; and it is to be aſſerted, 
at other Laws have place in Bodies not Elaſtic, 
ether ſoft or hard, that obtain not in Elaſtic 
es; as is abundantly manifeſt from what has 
-n above opened. And particularly thoſe Bodies 
ly which are perfectly Elaſtic, do after mutual 
lifions return from one another with the Ve- 
ity of the Congreſs, according to the 16th 
w of Motion thereto belonging. In thoſe: 
ich are imperfectly Elaſtic, the Velocity of 
Return is to be diminiſh'd together with the 
ſſtic Force, and in the proportion of the diminu-/ 
n of the ſame : becauſe that that Elaſtic Force 
leſs where the Parts of the Bodies are hurt by 
Meeting, or ſuffer ſome kind of Exten- 
as under a Mallet) ſeems to be in it ſelf cer- 
and determinate, and makes Bodies to return 
m one another with that Relative Velocity, 
ich is in a given Proportion to the Relative 
ocity before the Concourſe. Which thing 
[ſaac Newton did thus experiment in Balls made 
Vool, moſt ſtraitly wound up and preſſed to- 
her; firſt by letting down Pendulums, and 
aluring the Reflexion, he found the Quantity 
he Elaſtic Force; then by this Force he com- 
d the Reflexions which were to be expect- 
n other.Caſes. of Congreſs, and the Experi- ' 
ics anſwer d. The Balls always return'd from 
another with a relative Velocity, which was ' 
e Relative Velocity of the Concourſe, as the 


ber Five is to Nine. Balls of Steel were al- 


t perfectly Elaſtic, for they return'd almoſt - 
the very Velocity of the Concourſe ; thoſe ' 
ork with ſomething leſs ; but in Glaſs Balls 

Proportion was of about Fifteen to Sixteen. 
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heel or Pulley, the Force of the Hand which 
ectly draws the Rope, is to the Weight aſcend- 
either directly or obliquely, as is the Velocity 
the perpendicular Aſcent to the Velocity of 
Hand drawing the Rope, the Hand will ſuftain 
> Weight in Equilibrio.In Watches, and the like 
ſtruments which are fram'd of little Wheels put 
gether, if the contrary Forces for the further- 
> and hindring the Motion of the Wheels be re» 
rocally, as the-Velocities of the Parts of the 
eels on which they are impreſsd, they will. 
tain one another. The Force of a Screw to 
ſs a Body, is to the Force of the Hand turn- 
round the Handle, as the circular Velocity of 


- Handle in that Part where it is preſs d by the 
nd to the progreſſive Velocity of the Screw to- 
n che preſſed Body. The Force with which 


Wedge lies upon the Two Parts of the cloven 
od, is to the Force of the Mallet upon the 
dge, as the Progreſs of the Wedge according 
the determination of the Force impreſs'd upon 
dy the Mallet, is to the Velocity wherewith 
parts of the Wood give Place to the Wedge 
ording to Lines perpendicular to the Forces 
he Wedge. And the Reaſon is the ſame in all 
chines. Their Efficacy and Uſe conſiſting on- 
n this, that by diminiſhing the Velocity we 


— increaſe the Force, and on the contrary. 
"he m whence in all Kinds of fit Inſtruments 
a o much talk d- of. Problem is ſolv'd, of mo- 
e given Weight. by any given force, or of 
00 coming any other given Reſiſtance by any 


Wn Force how ſmall ſoever. For if Ma- 
es be ſo form d, that the, Velocities of the 
pow and Reſiſtents ate reciprocally as the 
ee, the Agent will ſuſtain the Reſiſtent, 
overcome the ſame with a diſ riry gt 

„ Velocities: 


. 
9 „ 
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Velocities : Certainly, if the diſparity of Velo 
ties be ſo great, that it will overcome even 
Reſiſtance, which is wont to ariſe as well fra 
the Attrition of Bodies contiguous, ſliding c 
upon another, as from the Coheſion of B 
dies continuous, and which are to be ſeparate 
one from another, and the Weights of Bodies: 
be lifred up; all that Reſiſtance being overcom 
the Force redounding will produce an Accele 
tion of Motion proportional to it ſelf, partlyi 
the Parts of the Machine, partly in the reſidi 
Body. But to treat of, and handle Mechani 
as it ought to be done, belongs not to our Pu 


poſe ; we by theſe Things only ſhew how far with : 
wide this Rule extends, and how certain the Fil he 
Taw of Motion above delivered is. For if i; 
Action of the Agent be eſtimated from its Fee 
and Velocity conjunctly, and the Re- action erſt 
the Reſiſtent from the Velocities of each of Hire 
Parts, and their Force in reſiſting, ariſing fr ay 
their Attrition, Coheſion, Weight and Accel Ib 
tion; Action and Re- action will be in all Ki rope 
of Inſtruments equal one to the other; and ſo tak 
forth as the Action is propagated by the Ini. p 
ment, and at length imprefs'd upon every reſiſi Pint 
Body, its laſt Determination will always be Mech. 
trary to the determination of the Re. action. ibten 
Corollary, From theſe two Laws of Motion . for 
ſufficiencly explain'd and prov'd,' the groſs EH the 
of Des Cartes about the ſame do manifeſtly apc. o 
whoſe Laws of Motions, are ſo far from agree th 


every where with the true Laws of the ſame, t 
they are rather found every where to diſagree \ 
them. And conſequently it is no wonder, il 
in like mannererr'd in the reſt of the Phenc 
na of Nature. The Laws of Motion being! 
diſpatch'd, we come unto the Propoſitions. 
November 6th, 1704. 


LE 


Lier. 


PROPOSITIONS. 
| 21 608 H E laſt Proportion of the Tangent 


Subtenſe or Chord to the Curve 
T Arch which belongeth to them, is 
en the proportion of Equality; that 
is, the Tangent, Arch, and Chord, 
yhere the leaſt Arch of all, or that which vaniſh- 


if rh away is taken, do at lergth end in one and 
Folhe ſame Line. And the ſame thing is to be un- 
= erſtood of the Sine. Let Ab be the Arch of a 
0 


ircle - or ſome other Curve, which is as little as 


g ay be; let Af be the Tangent thereof, and 
= b the Subtenſe : I would know what is the 
il 


roportion of theſe Lines one to another if the 
> taken as near as may be to the Point A, or if 
e Point b doth as it were coincide with the 
dint A; and I fay, that the Proportion of the 
ch, whether to the Tangent above, or to the 
btenſe below, is the Proportion of Equality. 
vr from the Nature of Curves it is manifeſt, that 
the difference betwixt the Tangent and Sub- 
e of any Arch whatever doth ariſe from the 
gth of he intermediate Arch, and that the 
terence is always&fo much the greater, as the 
ch which is taken is the greater, and ſo much the 
s by how much the Arch which is taken is the 
; from whence it follows, that in an Arch the 
ſt that may be the difference will be the leaſt 
it may be, and in an _ infinitely ſmall, ſuch 
| as 
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as we now intend, the Difference will be infinite. 
ly ſmall, or none at all. And if the Difference be- | 
twixt the Tangent and the Subtenſe be none u Ml ' 
all, much more ſhall the Difference betwixt the 
Tangent and the intermediate Arch be none at d 
all, or the Difference betwixt the Subtenſe and 
that Arch ; ſince that Arch is every where of an 
intermediate Length betwixt the Tangent and the 0 
Subtenſe. And this Equality of the leaſt Tan- 
gents, Arches and Subtenſes, and of Sines alſo, P. 
a Thing which Geometricians have always ſup 
poſed and acknowledged ; whilſt they have con- 
ſidered the Perimeters of Curves, as being in- 
numerable Sides of Polygons, and as ariſing from 
the Coaleſcence of the inſcrib'd and circumlſcrib\ 
Figures, the Difference betwixt them vaniſhing 
away. | | 
Carollary, If therefore it can be demonſtrated;that 
d b D b (Hg. 5. Plate 3.) the Subtenſes of the Angle 


of Contact, are always betwixt themſelves in Rule 
duplicate Proportion of the Subtenſes A b, AM * 
as will preſently be done, it will from thence fd" | 
low, that the ſame vaniſhing Subtenſes are alſo iii b 
the duplicate Proportion of their contermino * 
Arches A b, A B, or of the Sines c b, C,B ; be, C 
cauſe the Subtenſe A b doth in the foregoiniiſÞ'*!ſe 
Caſe fall in, and become the ſame with the A C. 
Ab or its Sine ob, and ſo doth at length fff * I 
ſubtenſe A B with the Arch A B, or its Sine CYW!*4e 
II. The Subtenſes of the Angles of Con . ha 
in Circles, are always in the duplicate Proportigfſ® d 
of the Subtenſes of the conterminous Arches, as 
Let there be in the ſame Figure any lf er) 
Arches as AB and A b; and DB, db (eq eir D 
to A C and Acc, the verſed Sines of the ſuffe Pr 
Arches)the Subtenſes of the Angle of Contact. the 
theſe Subtenſes (by Bock the 3d, Prop. 31. of t lame 
| Elemen es R 
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Elements) G B and Gb drawn from the Point G 
will be perpendicular; let the Rectangles ADBC, 
and Adbc be compleated. This done, the 
Square of A B (by VI. 8. of the Elements with 
VI. 17. of the ſame) is equal to the Rectangle of 
A G into AC or DB; and in like manner, the 
Square of Ab is equal to the Rectangle under 
AG and Ac or db. And conſequently , the 
Proportion of the Square of A B to the Square 
of Ab, is the ſame as that of the Rectangle un- 
der AG and DB, ſo that under AG and db; 
that is, (by VI. 1. Elements) the ſame as of the 
ine DB to the Line db. Q. E. D. | 
Corollary. Therefore any Subtenſe whatever of 
he Angle of Contact, as D B or db is equal to 
he Square of the Chord applied to the Diameter 
pf the Circle. For as AG is to AB, to is AB 
o AC or DB: __ — the 2 
A [ nd in 
Rule, B D 2 a or == 
ike manner, AG is to Ab as A b to Ac or 
b; from whence d b = A Q. E. D. 
Coroll. (2.) In the leaſt Segments of perſpective 
plaſſes, the Altitudes or Axes of ——— 
C, and Ac, are to be reckon'd to have the 
me Proportion betwixt themſelves, which the 
quares of the Baſes or Apertures E b and RB 
ont! b. have. (ſee Fig. 5. Plate 2.0 For we haves 
orte“ d that AC and A c have the ſame Propor- 
aas the Squares of the Subtenſes; and ſeeing 
very ſmall Arches the Subtenſes or Sines, or 
(eqt eir Doubles RB and E B are almoſt in the 
ahne Proportion amongſt themſelves ; it follows 
WA t the Altitudes allo: A C and Ac have almoſt 
of il ſame Proportion as the Squares of the double 
mens RB and Eb, that is, of the Aperture, 
E. D. H 2 Coro 
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Coroll (3.) In very ſmall Angles, the Exceſs of 
the Secants above the Radius, are alſo very near 
as the Squares of the Subtenſes, or Sines, or Tan- 
gents, or even of the Arches. For thoſe Exceſſes 
(ſee Fig. 5. Plate 3.) b f and BF, do in that 
Caſe coincide with the Subtenſes of the Angle of 
Contat bd and BD, and conſequently have 
the ſame proportion amongſt themſelves x 
they. Thus you may ſee in the Tables of Secantz, 
that the Radius of the Circle being put to be of 
10000000 of equal Parts, the Exceſs of the Secant 
of two firſt Minutes is of two Parts, and that df 
the Secant of Four firſt Minutes is of Eight Parts; 
from whence the difference of the former Secant 
and the Radius, is fourfold of the difference d 
the latter Secant to the double Arch, and the 
Radius; that is, thoſe Differences are betwin 
themſelves as the Squares of the Arches ; and ( 
of the reſt. 

Coroll. (a.) The Naſcent or Evaneſcent Subte 
ſes of the Angle of Contact, are in the duplicat 
proportion of the conterminous Arches. For the 


are every where, by what hath been demonſtn b 
ted before, in the duplicate Proportion of ti 
Chords. But ſeeing the Chords do at laſt end le . 
the Arches, that is, in Diſtances infinitely ſmali'<> * 
do coincide with them, and are equal to then Ci 
as we demonſtrated above, thoſe Subtenſes in lik ſon 
manner will in the preſent Caſe be in the duplif. 
cate Proportion of the Arches. ib d 

Coroll. (5. ) From whence alſo in the ſame Calf"! 
according to the firſt Corollary of this Propoii 
tion, the vaniſhing Subtenſe of the Angle « 4; 


Contact, will be equal to the Square of the Arc 
it ſelf, applied ro the Diameter of the Circle. ſind 

Coroll. (6.) Hence is gathered that Noble a feribe 
Fundamental Theorem of Sir I/aac Newton, 21 
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pf Mr. Hugens alſo ; to wit, that in the circular 
lotion of a Body, the Centripetal Forces, or 
he Gravities toward the Center are every where, 
; the Squares of che Velocities of the Arches, de- 
cib'd at the ſame time, applied to the Diamerers 
r Radii of the Circles. For (in Fig. 6. Plate 2.) 
t the revolving Bodies B and b deſcribe the Cir- 
umference of the Circles B D and b d, aud in the 
me given Time let chem deſcribe the infinitely 
all Arches B D and bd ; becauſe by their Innate 
orce alone they would deſcribe the Tangentrs 
C, be equal to theſe Arches ; by the firſt Law 
Motion it is manifeſt, that chere is ſome cen- 
ipetal Force which perpetually draws back the 
odies from the Tangents to the Circumferences 
the Circles ; and conſequencly, theſe are one 
another in the firſt Proportion of the Naſcent 


* .* BDaq bdqz 
CD and ed; that is. as . | 5 
ine 3 IS, BG 15 tO 5 


| by taking half the Diviſors, as LOL 


bd 
Aan becauſe the Velocities are in the Pro- 


tion of the Arches deſcrib'd at the ſame time, 
ole Forces will be as the Squares of thoſe Velo- 
ies applyed to the Radii of the Circles. But if 
Circles be equal betwixt themſelves, then by 
aſon of the given Diameters thoſe Forces will 
as the Squares themſelves of the Arches de- 
ib d at the ſame time, or of the Velocities; - $ 

will ſhew more fully afcerwards. 
Ceroll. (H.) By means of the foregoing Corolla- 
we gather the Proportion of the Centripetal 
ce to any known Force, as that of Gravity. 
7 ſinc2 that Force in the time that the Body 
Icribes the Line B C, or an Arch equal to it, 
H 3 impells 
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impells the ſame along the Line C D; which in 
the beginning of Motion is equal to the Squate 
of that Arch B D, applied to the Diameter of the 
Circle. And ſince every Body by an uniformly 
accelerated Motion, or the ſame Force continued 
towards the ſame Part always, doth deſcribe Spa- 
ces in the duplicate Proportion of the Times, 2 
will preſently be ſhewed (under Prop. 4.) that 
Force in which time the revolving Body doth de. 
ſcribe any given Arch, will make the fame Body, 
going right forwards, deſcribe a Space equal to 
the Square of that Arch applied to the Diameter; 
and conſequently, is to the Force of Gravity 2 0 

that Space is to the Space which an heavy Body Fe 
in falling doth deſcribe in the ſame time. As for © 
Example, from the Experiments of Pendulum; Fa 
and other ways it is manifeſt, that all Bodies 
whatever deſcribe in a Vacuum 16,14 Engliſh Feet 
in one Second of Time whilſt they are falling by 
the Force of Gravity: I therefore would know ſoly 
what Proportion the Centripetal Force, whereby 
the Moon is held in its Orbit bears to the Forc D 

of Gravity with us? For this purpoſe the Square . 
of the Arch of the Moon's Orbit, which is de. 
ſcribed in one Second of Time, is to be divided 
by the Diameter of the Orbit; and fo we ſhall 
find the Line which the Moon (if the circula 
Motion thereof were deſtroyed, and it deſcende{ 
as an heavy Body towards the Earth) would de 
ſcribe in the ſame time. The mean Diſtance d 
the Moon from the Center of the Earth is about 


hy 
Sixty-Times the Earth's ſemi-Diameter , or d Jock, 
about Engliſh Feet in Number 1257696000. Thi, th 


Circumference therefore of its Orbit, if reduce 
to a Circular, will be of about 7897834380 Feet 
which Periphery, ſince the Moon deſcribes it it 
the Space of a periodical Month, or 27 Days, 
Hours, 43 Minutes, that is, in 2360580 Seconds 


! 
V 
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jet the Circumference 5899834380 be divided by 
2460580 the Seconds which belong to the ſame, 
and the Quotient 3346 will give the Length of 


me Arch deſcribed by the Moon in a ſecond of 
0 WY Time in Engliſh Feet, the Square whereof 11128976 
5 being divided by the Diameter 2515 392000 will 


give [00443 Parts of an Engliſh Foot to be de- 
ſcribed in one Second by the Moon falling, and 
in one Minute 16014 Feet, or thereabouts; there- 
fore the Centripetal Force, or Gravity of the 
Moon, is to the Centripetal Force of Bodies with 
us upon the Surface of the Earth, as 443 Hun- 
dred Thouſandth Parts of one Foot is to 16114 
Feet, that is almoſt as x to 3600. And conſe- 
quently, the Force of Gravitation towards the 
ne Farth at the diftance of the Moon is only the 
360th Part of the Force of Gravity with us. 

III. The Velocities of a Body accelerated by any 
Z DN uniform urging Force whatever,are betwixt them- 
ſelves, as the Times are wherein that uniform 
Force is impreſs'd ; that is, in Double the Time 
ore Double, in Treble the Time Treble of it ſelf, and 
in Four times the Time a Quadtuple Velocity. 
For if the Accelerating Force be Equable and 
Uniform, which is here ſuppos'd ; and the Body 
conſequently, whether it reſted at the Firſt, or 
as mov'd with any Celerity, doth receive 
qual Degrees of Velocity, and an equal Increaſe 
Wo equal Time; it is manifeſt, that the Velocity 
f the Body is exactly proportional to the Time. 
abouffor if in every given Particle of Time that Force 


or "Woth generate a certain Velocity, it will be able 

Tin the next equal ſmall Portion of Time to gene- 
duce a Velocity like and equal to the former; and 
Feet likewiſe in the Third, and Fourth, and Fifth, 


.. Particle of Time, and fo in infinitum. From 
hence the entire Velocity will every where be 
H 4 As 


* — 
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as the Space of Time, in which that Accelerating 
Force is impreſs d on the Body. Q. E. D. 
Corollary, Seeing therefore it is manifeſt by Ex. 
riments, that all Bodies whatever being accele. 
rated by the Force of Gravity, do receive increa 
ſes of Velocity every where proportional to the 
Times; it is manifeſt, that the Force of Gravi 
doth act uniformly, and doth affect Bodies —— 
ſwiftly deſcending, as well as quieſcent. From 
whence ir appears, that the Gravity of Bodies is 
to be aſcrib'd to no Preſſure of the Air, or Im. 
pulſe of either, nor to the Mechanical Endeavour 
of any Mater towards Motion. For all cheſe In- 
ulſes or Endeavours would moſt of all affect: 
ody at Reſt, and by how much the more ſwift. 
ly the Body ſhould be mov'd, they would ſo much 
the leſs continually urge it, until at length, the 
Celerity produc'd becoming equal to the Force 
of the Cauſe which generates it, all the Impulſe 
would ceaſe, and no Acceleration of Motion fol- 


low thence forward, 


Some Lemmata to the 4th Prop. 


(1.) Odd Numbers being added to themſelve 
continually do make all the Square Numbers. Thu 
One is the firſt of odd Numbers, and the firſt al 
ſo of Square Numbers. But if the Number ;, 
which is the Second odd Number be added to 
One, there is made the Number Four, the Se: 
cond of Square Numbers ; and if the Number Fire 
be added to Four there is made the Number Ning, 
the Third Square Number, and ſo on in infinitun, 


We ſhall bring Two Demonſtrations of this Len the 
ma, one out of Tacquet, the other Pair 

| I _—_ out of our own Store. TacquiP whi 
„nber.  thews the Thing thus. In the in- I Sqt 


heor. 7- 
F * tur 
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ing tural Progreſſion, ſaith he of odd Numbers, r, 3, 
5, 7, Ce. the total Sum is equal to the Square of 
r: che Number of the Terms. For according to the 
le Nature of Arithmetical Progreſſion, the Sum of 
e: all the Terms is equal to the Product of Half the 
the Sum of the Extremes, drawn into the Number 
j of the Terms: But half the Sum of the Extremes 
of of an Arichmetical Progreſſion of odd Numbers, 
on beginning with Unity, is equal co the Number of 
s the Terms, (for it goeth on from Unity by Two's 
ſuperadded, whilſt the Number of the Terms in- 
creaſeth only by Ones) and conſequently, that 
roduct is equal to the Square of the Number of 
he Terms, and therefore the Sum Total of odd 
Numbers, beginning with Unity, is equal to the 
quare of the Number of the Terms, Q. E. D. 
e demonſtrate it thus: Let (ac) or (a b) (ſee 
Fig. 7. Plate 3.) be Unity, and (a d) the Square 
t Unity; I ſay, that the Addition of the odd 
umbers, 3, 5, 7, 9, Oc. is neceſſary to make 
he Squares (a h, an, as, az, 2 A) of all Num- 
ders proceeding from Unity; for to the making 
he Second Square, of the Square of the Number 
Two, there are Three other Squares of Unity to 
added to (a d) to wit, the Two lateral Squares 
cd and df) and the Diagonal Vertical Square 
i g. And then through all the reſt of the Terms, 
e Number of the Squares to be added is always 
d be increas'd by Two for the making up of the 
eſt of the Squares; to wit, three Squares (k i, 
h, and g g) correſponding to the Three which 
ere added before are firſt to be added, then ano- 
er Square (h p) becauſe that the Square, added 
the Side of the Diagonal, doth always require 
Pair of correſponding Squares to bg ſuper-added, 
d which at length is to be added another Diago- 
al Square (m o). And thus it is every where (the 
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Number of the Squares to be added always, er 
ceeding the former by Two,) that the Squarg 
(ad, ah, an, as, Cc.) from Unity may te 
compleated. From whence it plainly .appear, 
that the continual Addition of uneven Num 
bers begers all Square Numbers, Q. E. D., By 
he that will be content with an Induction, cat. 
ried on without End, may ſafely enough pat 
By this way of demonſtrating the Thing; hog. 
beit it is indeed fo eaſy, that it will not fequir 
much Attention of Mind to comprehend it. 
Lemma (2.) If a Body doth in a given time de 
part gradually and uniformly from Reſt, and by 
that means deſcrihe a certain Line; the f. me Bo 
dy in the ſame given time will, from the laſt Cele 
rity acquired, if it be uniformly continued,deſcrite 
a Line double to the former. For ſince the Body 
in departing from Reſt acquired a certain Degret 
of Velocity by equal increaſes, the Line deſcrib{ 
by the ſame, will be to be diſtinguiſh'd into it 
numerable Lines greater each to the former gn 
dually : And if thoſe little Lines gradually it 
creaſing, were diſpos'd not Length-wiſe but ot 
derly at the Sides, they would compole a certait 
Triangle, (a b c) or at leaſt, according to 
valliers Method of Indiviſibles, are to be re 
kon'd to compoſe one ; where the Vertical Poin 
of the Triangle, to wit (a) is the Point of Rel 
and the Baſe (c b) deſigns the laſt (ſee Fg. 
Plate 3.) Line of Motion, and the reſt. of th 
Parallel little Lines, the Lines of the diverſe Ve 
locity which the Body had paſſed through. No 
if we had put the greateſt Line (x b) to han 
been meaſured in the ſame full time, or had di 
ſpos'd from the Point (a) to the Baſe (1 b) ſo m 
ny Times equal to the greateſt, as we had befoſ 
diſpos'd Lines gradually increaſing, we had con 
pos 
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„os d a Parallelogram, double to the former Tri- 
angle, (I. 41. 1 the Elements.) And conſequently, 
he uniform Motion, gradually increas'd from the 
point of Reſt, is in the given time double to 
he former, Q. E. D. | 
IV. The Lines which Bodies by any urging 
niform Force do deſcribe, are in the duplicate, 
proportion of the Times, i. e. if the Times be Se- 
onds, One, Two, Three, Four, Five, &c. the 
hole Lines deſcrib'd will be amongſt themſelves, 
z5 One, Four, Nine, Sixteen, Twenty-five, &. 
hich are the Squares of the former. For if any 
Body whatever, by any urging uniform Force 
hatever, ſhall as it falls deſcribe in the leaſt 
ortion of Time, as one Second, ſome Line; in 
he ſecond equal Portion of Time ic will deſcribe. 
Line equal to the former, by reaſon of the con- 
inuation of a Force equal to the former; and 
cauſe of the gradual Acquiſition, and Increaſe 
the Velocity of Motion, it ſhall by Lemma the 
xecond deſcribe a Line double to the former; 
herefore from both Cauſes conjoin'd it will now 
eſcribe a Line treble to the former. But in the 
ird Particle of Time, by reaſon of the Force 
Gravity ſtill acting, a Line equal to the for- 
er will be deſcrib'd ; and becaule of the Velo- 
ity of the former, which was double to B, con- 
nued in the equal Time a Line will be defcrib'd 


ouble to y former, that is, quadruple of the 


rſt, and ſo from the Forces conjoin'd a Line will 
e deſcrib'd five-fold of the Firſt ; and ſo forwards: 
om the continual Impreſſion of Gravity a Line 
qual to the firſt will always be to be added, and 
en another Line equal to the firſt by reaſon thar 
e Velocity is continually increas'd by one Part; 
nd conſequently, two Parts or Lines equal to the 
it are every time to be added; and conſeqently, 
So +> 3. Soi & 4? »." the 
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the entire Lines deſcrib'd in every ſucceſſive Par. 
ticle of Time will be to be deſign'd perpetual! 

by odd Numbers. Seeing therefore (by Lemma i) 
the odd Numbers added one to another do order 

make all the Square Numbers, the Lines of the 
Moments added together will neceſſarily make the 
entire Lines of the Moments to exceed the latter 
the foregoing in a duplicate Proportion, or in 
the Proportion of a Square Number to a Square 
Number. Thus if in one Second of Time Bo- 
dies be carried downwards by the Force of Gra- 
vity about Sixteen Engliſh Feet, as is manifeſt 
from Experience ; they will in two Seconds be 
carried Sixty-four Feet, and in three one Hundred 
Forty-four Feet, or thereabouts. 

Or according to Galilzus in his Syſtema Coſmi. 
cum, we may demonſtrate the Propoſition thus. 
( Fig. 8. Plate 3.) Let equal Times be repre- 
ſented by equal Lines a b, bc, cd, de, and the 
Velocity in the end of the firſt time bg, by the 
Line (br). Seeing then, that Velocity which 
the falling Body hath in that Place, was acquired 
not together and at once, but gradually, and in a 
certain Space of time, repreſented by the whole 
Line(a b) from the continual and uniform accele- 
rating Force; therefore it is neceſſary, that it 
ſhould have had all the leſſer Degrees of Velo- e 
city before it got that Velocity; from whence ill 
thoſe former Degrees of Velocity will be repre-MW!e! 
ſented by leſſer Lines drawn from the Parts of orc 
the Time ab parallel to the Line ; and ſeeing the 

Velocity doth increaſe uniformly Hreſe 


4 3- ee. with the Times, thoſe Lines ac. Me! 

ö cording to the Method of indivi- Id 

bles will conſtitute and compoſe the Triangle rap 

(a b 1). Therefore the whole Line which ſhall 7 
: 


be deſcribed from all choſe Velocities join'd tops 
ther, 
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her, will be proportional to the Aggregate of all 
hoſe Lines, that is, to the Triangle (a bi); and 
ill rightly be repreſented by that Triangle. But 
a the ſecond time, when the Body ſhall now 
ave acquir'd a Velocity proportional to the Line 
b 1) and repreſented by the ſame ; with thar 
only Velocity continued, it will deſcribe a Line 


in 
are Wouble to the former, and „ to be re- 
Bo reſented by the Parallelogram (a bi h) or (b x 
a- c) double to the Triangle (a br); and over 
feſt Ind above, by the new Velocity, ariſing as before, 
be rom the perpetual and uniform Incitation of the 


ame Force, a Line will be deſcribed equal to the 
rſt Line; therefore if you add both Forces to- 
ether, in the ſecond Time, the Line deſcrib'd 
ill be treble to the former, and to be repre- 
ented by the Trapezium ; and the Sum of the 
ines deſcrib'd in the firſt and ſecond Time, 
ill be to the Line deſcribed in the firſt time 
lone as the Triangle (a c 2) is to the Triangle 
a bx) ; that is, in the duplicate Proportion of the 
omologous Sides (a c) and (a b) which repre- 
ent the Times; or as the Squares of the Times 
emſelves. In like manner, in the third Time 
he Body with the Celerity hitherto acquir'd, or 
e mere permanence of the Motion now gor, 
ill deſcribe a Line to be repreſented by the Pa- 
allelogram (c2nd); and by the new added 
orce ariſing from Gravity ſtill, and continually 
niformly inciting, will deſcribe a Line to be re- 
reſented by the Triangle (2 n 3.) From whence 
e Line deſcrib'd in the third Time will be five- 
ld of the Firſt, and to be repreſented by the 
rapezium (2c d 3) ; and the Sum of the Lines 
the firſt, ſecond, and third Times, will be to 
e Line deſcribed in the firſt time only, as the 
nangle (ad 3) is to the Triangle (a b 1) or as 
the 


e ˙ Q — — 
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the Squares of the Times (a d); and (a b) and 
in infinitum. | 
Corollary, Since according to what hath bee 
before demonſtrated, Celerity is every where pro 
ortional to the time, and ſeeing the Lines d 
{cribed by Bodies falling down be in the dupl 
cate Proportion of the Times, the ſame Ling 
will alſo be in the duplicate Proportion of the 
Celerities, or as the Squares of the Velocitie 
As for Example, if the Velocities laſt acquir' d 
two Bodies falling to the Earth, be one to thy 
other as the Number Two is to One, the 
Heights of the Fall ſhall be betwixt themſelves x 
Four is to One. If the Velocity of one Body be 
treble to the Velocity of the other, the Height 
of the Deſcent of the ſame ſhall be Ninefold o 
the Height of the . Deſcent of the other. Ani 
ſo on 4d infinitum. 


—— | 


Nov. 13, 1704. 


rr 
Ei e r. 


F a Body ſhall begin to tend up 


V. 
Ho wards with that fame Velocit 


*S 1 S* hich it had acquir'd in the End di 

Me its Deſcent, it will aſcendto the ſam | 

Altitude in the ſame Time, : fron | 

whenco it before deſcended, and ſhall equally lol | 
its Velocity in equal Times. 

For by Force of what was demonſtrated it 

the laſt Propoſition it appears, that the Velc 


city once acquird, as (3d) will always de 
: Crib 


— 7 
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ibe an equal Parallelogram, whether the Body 
end or deſcend: But ſeeing the new Force of 
avity in the Deſcent increaſes by the Triangle 
m 4 ;) and in the Aſcent diminiſheth the ſame 
an equal Triangle; it is manifeſt that the 
apezium now to be deſcribed in the Aſcent 
be equal to the Parallelogram before deſcrib'd 
the Deſcent, to wit the Trapezium 32 cd; 
d ſo on. From whence the Lines deſcrib'd which 
proportional to theſe Trapeziums, and the 
locities proportional to the Baſes of the Trape- 
ms, will every where be the ſame in the A- 
nt that they were in the Deſcent ; until at 
gth the Body reacheth to the laſt Point of the 
cent in the fame time that it had deſcended 
DM it. | . 
VI. The Celerities of heavy Bodies acquir'd by 
(cending upon divers Inclinations of Planes will 
equal, if the Elevations of the Planes or theic 
rpendicular Altitudes be equal. 


Let EG be a Line perpendicular to the Hori- 
n, and E F. a Line inclin'd to the Horizon 
ig. 1. Plate 4.) in any Angle whatever, and 

be perpendicular to E F. I ſay, that 
y heavy Body whatever will acquire the ſame 
locity in deſcending along the inclined Line 
which it would acquire in the Line EG by the 


rpendicular Fall. For from what 

5 demonſtrated before, the Force of — 
Gravity in the oblique Plane f 

F, is to the Force of Gravity in the perpendi- 

lar EG, as A B is to AC, or, on account 
the likeneſs of the Triangles AC B, E F G, 

E G to EF; or becauſe the Triangle E GA 

like to them, as E A is to E G. From whence, 
reaſon of the divers Forces, the Motion 

d Velocity of the Body deſcending __ 


— — —ͤ— 3j —— 


p 
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E A in the inclined Plane, will be to the Moti 
and Velocity of the Body deſcending along EG 
the Time of the perpendicular Deſcent being; 
ven, as E A is to EG, or as EG is to EF 
and the Velocity of the Body deſcending alot 
E A, unto the Velocity of the ſame deſcendi 
along E F, will be in the ſubduplicate Proporti 

of EA to E F, that is, in the 
VI. 8. Elements. portion of E A unto E G. Then 

fore the Velocity of the Body | 
the Point A, is to the Velocity of the Body int 
Point F, and to the Velocity of the ſame deſcend 
ing perpendicularly in the Point G, in the fan 
Proportion, to wit, that of the Line E A tott 
Line EG, or that of the Line E G to the Li 
EF. From whence it appears, that thoſe Vel 
Cities are equal one to the other. Q. E. D. 

Coroll. 610 Whilſt a Body falling perpendic 
larly deſcribes the Line E G, another falling 
liquely will deſcribe the Line E A, determir 
by the Perpendicular G A. 

Corcll. (2.) The Time of the perpendicular! 
is to the time of the oblique Fall, in the ſubt 
plicate Proportion of the Line E A to the Lit 
E F ; or as the Line E A is to the Line E( 
that is, in the proportion of the perpendicular 
titude EG to the oblique Line EF. Fre 
whence, by how much the Velocity is diminiſ 
on account of the diminution of the Fort 
it is increas'd, by reaſon of the increaſe 
the time ; ſo that in the ſame perpendicular Al 
tude there always remain the ſame Veloci 
whatſoever may be the obliquity of the inclin 
Plane to the Horizon. HE 

Coroll. (3.) The Times of Deſcents upon Plat 
diverſly inclin'd to the Horizon, but wh 
Elevation or perpendicular ' Altitude * 


Fad 
3 
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ame, and betwixt themſelves as the Lengths of 
he Planes. For the time of . Deſcent by EF is 
o the time of Deſcent by E G, (Fig. 1. Plate 4.) 
ccording to what hath been already demonſtra- 
ed, as E F is to E G;and the time of Deſcent thro" 
G is to the time of Deſcent thro E H as E G to 
H; from whence by equality of Proportion, the 
ime of Deſcent through E F will be to the Time 
f Deſcent thro E G, as E F is to EH, Q. E. D. 
Coroll. (4.) If a Body deſcend from the ſame 
a pendicular Altitude, with a continued Motion 
rough how many ſoever and whatſoever conti- 
uous Planes, as EI, I XK, K L, howſoever in- 
in d, it will always acquire the ſame Velocity in 
ie End; that, to wit, which it would have. ac- 
ired by falling perpendicularly from the ſame 
eighth. For by the Derminacion of,. Mr. Hu- 
;, the ſame will be the Velocity, according to 
hat hath been already demonſtrated, of the Bo- 
(Fig. 1. Plate 4.) falling to the Point I, whe- 
er ic fall along EI or MI; from whence the 
:locity will alſo be the ſame in its going along 
, as in falling along N K; from whence the 
locity will be the ſame at the Point K, whes 
er the Fall were through EI or IK or along 
K, or even NK; from whence will follow 
ar there will be the ſame Velocity in falling 
ng K L at the Point L, which would be 
2 Deſcent were according to one ſingle Plane 
L, or two Planes MK and KL, or even 
ee Planes, EI, IK, K L; the fame to wit, 
ording to what hath been already demonſtra- 
. which the Body falling perpendicularly could 
Juire at the Point G. G. E. D. | 


oroll. (g.) Hence it is alſo manifeſt, according 
he Determination ofche ſame Hagens, that a Bo- 
deſcending along che Circumference of a Cir- 


» or a Cycloid,or any Curve Line whatever, the 
1 ſame 


Point E. From whence alſo, if there be an ii 
mite Multitude of Planes; that is, if the Su 


about them. | 
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ſame Velocity will always be acquir'd, if it & 
ſcend from an equal Altitude; and that that Ve 
locity will be ſo great as the Body ought to 6 
quire by a perpendicular Fall from the ſame Alt 
tude. For Curve Lines are as it were, compount 
ed of many innumerable right ones; and ſince ti 
Propoſition is true in any rectilinear Perimem 
whatever, and how many ſoever, it will be 
likewiſe where they are in Number infinite, th 
is, where they end in Curve Lines. Q. E. D. 
Coroll. (6.) Hence it alſo appears, that if an ha 
vy Bodys Motion be turned from a Deſcent u 
wards, it will aſcend unto the ſame Heighth fre 
whence it came, along whatſoever Plane cont 
guous Surfaces, and in what ſort ſoever inclin' 
ſhall be carried. For as before, (Prop. 5. Fig. 
Plate 4.) the ſame will be the Velocity in 1 
Point K and I, whether the heavy Body deſce 
or whether it aſcend ; from whence certainly t 
fame will be the Limit of the —_— or ( 
ſcending Velocity, the ſame the Term of it at 


be Curve, the Body will ariſe along the 
Line alſo unto the Height from whence it cat 
and no higher. | 

Coroll, O.) If a Body falls perpendicularly, 
deſcends along any Surface whatever; and ti 
ſhall, from the Force acquir'd by the Deſcent 
carried upwards along any other Surface ; it 
have in Aſcending and Deſcending the ſame | 
locity in Points of equal Heighth. And if 
Plane or Surface of the Aſcent be like and eq 
to the Surface of the Deſcent, it will aſcend 
equal time in which it deſcended. Theſe Thi 
do ſo clearly follow from the Things already 
monſtrated, that there needs no more We 


— — — - ——— — — — 
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Lemmata to the th Propoſition, 


* 


(r.) If a Curve Line be of that Nature that it 

ill every where ſuſtain the Force of Gravity in 
proportion to its length; fo that by how much 
he Part of the Line to be deſcrib'd is the greater, 
y ſo much will the accelerating Force be the 
rreater, and altogether in the ſame Proportion; 
nd by how much the part of the Line which is 

o be deſefib'd is the leſs, by ſo much the leſs will 

e accelerating Forces be, and this in the ſame 

roportion ; the Times of Deſcent along ſuch a 

urve, Whether the Arches deſcrib'd be greater oc 

ſs, will always be equal to one another. For the 
elocity in the given Time is as the moving 
orce ; if therefore the Line to be deſcrib'd be 
ſo as the ſame moving Force, it will be likewiſe 

the Velocity ; but if the Velocity of the Mo- . 

on be every where as the Line to be deſcribed, it 

manifeſt, that any Line whatever, whether 
eat or ſmall, ought to be deſcrib'd in the ſame 
ne. But that this is the Nature and Property 
the Cycloid is what comes to be demonſtrated 
what follows. 

Lemma (2.) Let DAC ( Fig. 2. Plate 4.) be 
ly, Femi- cycloid, D F A half of that Circle which 
1d u oduced the Cycloid ; and from any Point in 
demie Cycloid as B, let there be drawn the Line 
it F parallel to the Baſe D C, meeting the Semi- 
me Mrcle DFA in E; then let the Chord A E be 
1 if eon, and from the Point B in the Cycloid the 
d ebe BL, parallel co the Chord AE; the Line 
ſcendM- _ be a Tangent to the Cycloid in the 
„Thi int B. 
ae, (z.) And the Arch of the Cycloid A 
> Wal be equal to the _—_ Chord AE. Theſe 
Is 12 two 


— — ee 
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ewo Lemmata are 2 from the Elements 
1 the Cycloid; and we have then 
Sp aj demonſtrated by the famoy 
| ; Sir Chriſtopher Wren and othe 
VII. In a Cycloid inverted, whoſe Axis is e 
&ed perpendicular, the Times of the Deſcen 
wherein a Body let down from any Point wha 
ever in it, comes to the loweſt Point A, alway 
equal betwixt themſelves. 
Let BA and OA beany Arches whateveri 
the Cycloid, and BL and ON the Tangent 
the Points B and O; and let EA and FA 
Chords of the Semicircle D F A or parallel to th 
ſaid Tangents, by Lemma the ſecond : let AF h 
roduced to the Point K. There are therefore 


the third Lemma, Lines to be deſcribed by the M4 
dy placed in one Caſe at B, in the other at ( fl 
which are betwixt themſelves as the Chord E. + 
is to the Chord FA; but the Force in d 5 
direction of the Tangent BL, or the Che * 
F A parallel thereto, is in the ſame Proporti 1 
to the Force in the direction of the Tange * 
ON, or AF which is parallel thereto. . 8 
(Fig. 2. Plate 4.) as the Square of E A is to d ch 
Square of F A, fo is the verſed Sine EP tot "a 
verſed Sine FP; or ſo is KM to FP; of... 
is KA to FA. Therefore the Chord AER... 
a Geometrical Mean proportional betwixt n i 
Chord AF and the Line AK ;and conſequenyf : \ 
ly AF, AE, AK =. But the Force of Gravii Jout 
according to what hath been demagy os 
= 2. 0 ſtrated, which is in the Plane A E, Corol 
* to the Force of Gravity in the Plat — 
AF, as A K is to AE ; that is, as the Chai 5 
A E is to the Chord A F; and thus every whe! He 
But the Line to be deſcribed is as the ſame A 3 


is to the ſame A F; and conſequently = acd 
eratil 
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erating Force is every where in the ſame Propor- 
jon as the Line which is to be deſcribed, and 
herefore the Times of the Deſcent are every 
here equal. Q. E. D. 
Coroll. (t.) If therefore we form other entire 
demi-Cycloids QR T, QS C like and equal to 
he ſormer AT and A C, the Vertices whereof 
ouch the Baſe of the other at the Points T and 
; and the heavy Body V hangs from the Center 
Q upon the Thread QR V, which is equal to 
D A, or the double of D A; and be mov'd be- 
ixt thoſe Semi-Cycloids QR T, QS C, the 
endulous heavy Body will, from the Evolution of 
e Thread deſcribe the entire primary Cycloid, 
s is manifeſt from the Properties of the Cycloid, 
d will perform the Vibrations of what Ampli- 
de ſoever, even to the greateſt of them T AC, 
the ſame times exactly, and ſo that the Center 
f the Oſcillation ſhall always be in the Curve 
TAS | 
Coroll. (2.) Seeing all Vibrations whatever in a 
ycloid are always in equal Times,and ſeeing the 
aſt Vibrations in the leaſt Arch of the Circle, 
e Radius whereof is Q A, and in the leaſt Arch 
the Cycloid T A C, by reaſon of the maniſeſt 
oincidence in this Caſe of the Arch of the Cir- 
and of the Cycloid in the loweſt Point are the 
e; it is manifeſt that the time of every Vibra- 
dn in the Cycloid is equal to the time of the 
aſt Vibration in a Circle, the Radius whereof 
double to the Diameter of the Circle which 
oduced the Cycloid. 
Coroll, (3.) By reaſon alſo of the ſame Coinci- 
nce of the leaſt Arches of the Circle and Cy- 
did in the loweſt Point, the Vibrations in che 
rcle will be ſo much the more in equal Times, 
how much the deſcrib'd Arches are the 14 - 
46 | to 
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ſo that in very ſmall Arches they may very wel 
be reckon'd to be in equal times. | | 
* Coroll 4.) Therefore in Pendulum Clocks which 
have longer Strings or Wires for the pendulom 
Bodies to ſwing by; the Times of the Vibrations d 
the leſſer Arches which are deſcribed, come near. 
er to an Equality, than they do where the String 
or Wires are ſhorter ; and conſequently, the former 
Clocks are to be preferr'd far before the latter. 
Coroll. (5.) The Times of Vibrations in diven 
Cycloids are in the ſubduplicate Proportion of the 
Cycloids or 1 QA; or the Lengths of the 
Pendulums ar the duplicate Proportion of the 
Times; this will eaſily appear from what was de 


monſtrated (Prop. 4.) before, as applied to the p die 
ſent Caſe. But it is to be noted, that the ſame of 
Thing is alſo to be underſtood of the Times Let 
Vibrations in Circles as well as in CyclaikM' 5. 
Thus, becauſe a Pendulum of 39 L25 Inches pe Cir 
form any Vibrations whatever in a Cycloid, a er? 
alſo the leaſt Vibrations in a Circle in the time ¶Menę 
one Second, a Pendulum of 157 Inches wou 
make the like Vibrations in the time of two & an | 
conds, and one of 353125 Inches in the Space Fort 
Seconds. | | Pari 
Coroll. (6. ) Since the Times of all Vibration) 


whatever are equal in a Cycloid only; and up 
this Account only are to be reckon'd equal in i 
leaſt circular Arches ; to wit, becauſe the Arch to 


of the Cycloid and Circle coincide no We ©? 
elſe but in the loweſt Points, they being in ere fall 
other Place ſufficiently different from one 2 be 1 


ther : It is manifeſt, that che Vibrations in Arch 
of a Circle are ſo much the leſs Iſochronal, 
how much the greater they are; and ar . 
. ly, that in larger Arches they 
feillat, E far enough remov'd from Iſoch 
niſm. And according to Hugent, 

ö cls 
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time of Deſcent in a Quadrant of a Circle, is to 
that which is in the leaſt Arch, as 34 to 29, ſup- 
+ i poſing that the Vibration is made in a Vacun 
Which therefore will ariſe to a very ſenſible Di 
« of MY ference when we compare the greateſt, Vibrations 
and the leaſt together. ir TALENTS 
19 Coroll. (v. Becauſe it appears from Experiments, 
mee and the Computation made thereupon, that each 
ſingle Vibration to and fro, where the Pendulum 
ven 96185 Inches long (each one I mean in a Cy- 
BY cloid, and the leaſt in a Circle) is perform'd in 
94125 Thirds of Time, or 1”. 24 125. And be- 
cauſe, by what Hugens hath demonſtrated, the 
Time of Vibration is to the time of the perpen- 
dicular Fall along the Quadruple of the Diameter 
of the generating Circle ; or along double the 
Length of the Pendulum = 194176 Inches, or 
1611 Engliſh. Feet, as the Circumference of the 
Circle is to the Diameter doubled; "IgE 
or 25 94.25 Thirds of Time to 5 or „ nrw. og 
one Second, [for 355: 226: 94"L25 : 4. J Cantet. 
60 ,; ] thence it follows, that fug. Prop. 12. 
an heavy Body will deſcend by the 
Force of its Weight 16| T Exgliſb, or 15 Ul Feet of 
Paris, in the ſpace of one Second. Which Velo- 
city of Deſcent, deduced from the pendulary Ex- 
periments, agrees notably with the ſaid Author's 
xperiments about falling Bodies ; and therefore 
is to be accounted for certainly true. 
Coroll. (8.) Therefore the 20,9 7 mr Line of 
a falling Body being given for any ſpace of time, 


he Line of Deſcent, whether Perpendicular or 


Oblique, is given for any other Space of Time; as 
being 1 in the duplicate Proportion of the 
ime. Thus in a direct Fall, as ten Seconds 
Square == x00 is to the Square of one Second = 1; 
lo is 1610 Engliſh Feet deſcrib'd in 10, to 161 
Feet deſcrib'd in one Second, And in oblige De- 
| Cents 
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ſcents it is not much othetwiſe. For the Lines of 
Deſcent in an oblique Plane are by the ſame Res. 
ſon one to another as the Squares of the Times; 
all the Difference is' that the Force of Gravity 
| which is the Cauſe of the Deſcent; is to be dim 
| niſh'd in this Caſe in the Proportion of the Perpen. 
dicular Line to the bblique.. © (See Fig.” 1. Plate 
Corgll; 1. Pr. 6.) For ſince the oblique! heavy Body, 
as 'we ſhew'd before, deſcends in the: ſame time 
 throbgh the Line E A, that the Perpendiculat 
doth through the Line EG; it is manifeſt, tha 
the moving Force is everywhere in the lame Pro 
portion. Therefore if we put the Caſe, that the 
heavy Body deſcends along a Plain ſo very ob. 
lique, that E G is only a third Part of E F; what 
we have to do is only to diminifh the Force 'of the 
Gravity in the ſame Proportion, ſo that the Body me 
be ſuppos d to deſcend along a Line of 5137 Feet ui 
only in the ſpace of) one Second, and the Calcu- 
lation will be the est 10 * the direct Ea 
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the Air- n- uſt 
(Fig- $4: Plate 4.)-Let' 26. Body be ſuppoſe nd it 
at T, and let it in any given time tend by t bm 
Force 6f the Horizontal Projectiqn according wf tim 


the Tangent TE, from T to/a, fo-far as it is not 


kinder d by ſome other Forge ; Then et the 
Force 
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orce of Gravity ſurpervene, which acts in the 
ine T K perpendicular to the Horizon, or any 
ff the Lines parallel to it, (al, bm, cn,do,ep) 
or by reaſan of the great diſtance of the Center 
f the Earth, thoſe Lines are to be accounted for 
parallel, Since therefore, the Force of the Pro- 
>Rion begets an uniform equable Motion, ac- 
ording to the Direction Te or Fl, Gm, Hn, 
o, K p, which are parallel to the ſame T E, 
d the Velocity of this Motion, ac- 

ording to the primary Direction, ſuf- —_ N 
rs nothing from the Force of Gravi- 
that ſupervenes; the Body will in the end of 
e firſt time be found ſomewhere in the Line 
); of the ſecond Time ſomewhere in the Line 
m, of the third ſomewhere in cn, of the fourth 


ody mewhere in do, as being Lines parallel and 
det hui-diſtant. Then let us conſider the Force of 
Ic: Nravity as ſupervening, from which alone in the 


ean while, that the Body would by the proje- 
ile Force alone deſcribe the Line T a, it is car- 
xd downwards according to any little Line T E 
al, ſo that if there were no, other moving 
ce but this of Gravity, the Body would in the 
ad of the firſt time oome to the Pine Fl. Since 
refore, the Velocity of this Force ſuffers no- 
ng from the combination of the projectile 
rce therewith, any more than the, Velocity of 
s latter ſuffers, from it, the Body, not with - 
nding the projectile Force will be found till in 
end of the firſt time in, the Line Fr, From. 
ence it appeats, that in the end of every time, 
uſt by the Conjun&ion of theſe Forces be 
nd in the Interſections of thoſe Lines a l and 
bm and G m, &«. to wit, in the end of the 
time in-the Point-L, of the ſecond in the 
nt M, of the third in n, of the fourth in o, 
| ſo on. Since therefore, if al be of one Part, 


. bm 
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bm is 4, Cn is9, do is 16, ep is 25, and 
on, they being amongſt themſelves by Prop. 4. 
the Squares of the Times or Diſtances T a, TR 
Tc, Td, Te; and from the Nature of the con 
pound Motion, T F is to TG, as Fl ſquared 
to Gm ſquared, and ſo in the reſt. And ſing 
according to the primary Property of the Parab 
la, the Abſciſſes of any Diameter whatever I 
and TG, are alſo betwixt themſelves as d 
Squares of the Semi-ordinates Fl and Gm, it i 
manifeſt, that the Points l, m, n, o, p, are int 
Curve of a Parabola, the principal Diameter wh 
of is T K; and IT FE, T G, T H, TI, T K, are d 
Abſciſſes, and Fl, Gm, Hun, Io, K p, are d 
Semi- ordinates. And ſeeing all the Things 
demonſtrated do alike belong to any Diamet 
whatever, how oblique ſoever the Tangent of d 
ſame may be to it, as well as to the Aris ; it 
manifeſt, that the Trajectories of all ProjeAil 
are univerſally truly parabolic ; that is, fo far 
they are not hindered by the Reſiſtance of f 
Medium. Q, E. D. 

Coroll. (x.) Hence we may learn the Found 
ons of the Art of Gunnery. For ſince all Pr 
jectiles carried to any Inclination whatever, 
deſcribe Parabola's greater or leſſer, or at leaſt 
greater or leſſer Part of the fame Parabola, ſol 
as they are not hinder'd by the reſiſtance of 
Air, and ſeeing the Arr is of ſmall or no mome 
for the retarding the Motion of theſe Projectil 
by reaſon of their Solidity, and the Velocity oft 
Motion; it is plain that the principles of that 
are to be taken from the Nature of the Parabt 
The Uſe of this Corollary extends it ſelf a gr 
way, and will be illuſtrated in the Sequel by 
ny Examples taken out of the ſaid Art. 
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Co.oll. (2.) The Velocity of a Projectile being 
iven, whatſoever the Angle of Inclination may 
de, there will alfo be given the diſtance of the 
ocus of the Parabola, from the Point where che 
projection begun, Let s (See Fig. 4. Plate 4.) 
de the Point of the Projection, where the Proje- 
tile being thrown along the Tangent sv, begins 
o move in 2 parabolic Curve, and Tet s v be che 
ine to be deſcrib'd by the Body in any ow 
ime by the projeRile Force alone ; let alſo vc, 
r 5 r be a little Line to be deſcrib'd by the force 
f Gravity alone Joe ſame given time. In the 
nd therefore of that time, the Projectile will be 
ound in the Point of the Parabola ; and by rea- 
on of the given Force of Gravity as well as of 
rojeftion, there will be given alſo, whatſoever 
ay be the Inclination of the Tangent to the 
drizon, the Lines vc or sr and sv or CY, 
at is, the Abſciſs of the Diameter so, and the 
mi-ordinate of the ſame ; the third Proportional 
which two is the Latus rectum belonging to the 
ſertex s; which therefore will neceſſyrily be gl 
n when the former things are given. From 
hence alſo, the fourth Part of that Latus rettum, 
hich is the diſtance of the Vertex s from the 
ocus of the Parabola, will alſo be given. Although, 
erefore, from the ſame Velocity of Projection, 
vers Parabola's will be deſcrib'd in divers Ele- 
ations, yet the Foci of them all will be equi- 
ſtant from the Vertex or Point where the Mo- 
on began, and conſequently will be placed in 2 
2" Wed whoſe Center is in that Point, 
Coroll. (3) This Horizontal Range is then the 
neeſt, when it is directed according to a Line 
hich is in the middle betwixt the Horizon- 
| and perpendicular Lines, or in an Angte of 
45 


124 Mathematical Philoſophy. 


45 Degrees above the Horizon. For, ſeeing the 
principal Vertex of any Parabola whatever, de. 
ſcrib'd by Projectiles, is in the greateſt Height of 
the Projectile, under which in the Axis it ſelf the 
Focus D F is placed; ſeeing the Diſtance of the 
ſame Focus from the Vertex js given: Seeing laſ. 
ly, the Horizontal Range will be the longef 
where s F, the diſtance of the Vertex s, from the 
Focus, is meaſured by e g an Ordinate to the A 
is paſſing through the Vertex s; ſince theſe thing 
are ſo, the Horizontal Range will certainly be the 
longeſt, where s F the diſtance of the Vertex, 
from the Focus, coincides wich s g the Ordinat 
to the Axis; for otherwiſe, by reaſon of the g 
ven diſtance of the Focus, 3 Fs g will be greater 
than s F doubled : But where s F coincides with 
sg, sg will be double to s F, and conſequently, 
the Horizontal Range will be the longeſt, when 
s F coincides with s g; that is, where the Angk 
vsh is half-right. For the Angle vs f compre 
hended by the Tangent vs and. s E, the diſtanc 
of the Vertex s from the Focuy is always equal u 
the Angle bso, comprehended by the ſame Tan. 
gent, and s o the Diameter of the Parabola. 
therefore, the Angle bs o be an half right ont 
vs F will alſo be an half. right one, and conſe: 
quently the Angle os F will he à right one, an 
the Line s F will become s h, and will coincid: 
with the Ordinage s g, and the Ordinate sg vi 
be the longeſt Horizontal Range of all. 
Coroll. (4.) Since therefore, the Tangent d 
the Parabola doth only in that Caſe compre 
nend with the Diameter àn half right Ang 
where it toucheth the ſame 3 the Extremity d 
the principal Latus rectum, which paſſeth throug 
the Focus; it is manifeſt, that every longeſt Ht 
rizontal Caſt will be comprehended betwixt L, | 
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art of the parabolic Curve that is placed above 
he latus rectum, the Focus it ſelf being in the Ho- 
:zontal Line; and that the higheſt Altitude from 
he Horizon in this Caſe is T F, a Quarter of the 
rrincipal Latus rectum. 

Coroll. (5.) If the Angle of Elevation differs 
qually from an half-right one, whether it be 
reater or leſs, the greateſt Horizontal Range will 
gually be diminict d. For becauſe of the right 
ngle hs o, and the Angles vs E, os b, which 
te equal one to the other, their Exceſs or Defect 
ith reference to a right Angle, will be equal to 
he Angle Fs h, whether the Focus be above the 
orizontal Line, as in the greater Elevation, or 
>neath it, as in the leſs Elevation. But the 
ute Angle Fsh, and the right one Fhs, 
nd the Side Fs being given, there is given 
ithal the Side s h the ſemi-ordinate of the 
xis, andes g the ordinate determining the Ho- 
zontal Range. Thus in two Projections of equal 
elocity, where the Angles of Elevation are one 
40, the other of 50 Degrees, the Horizontal 
ange will be equal on both Sides, and in like 
anner in the Degrees 30 and 60,20 and 70, &c. 
is well known to them that practiſe this Art. 
Coroll, (6.) The Horizontal Diſtances produced 
a given Velocity, in divers Angles of Elevati- 
, are as the right Sines of the double Angles of 
evation. To wit, as gs is every where, ſo is 
s the half thereof; but in the right Angled 
angle Fhs, becauſe of the given Radius Fs, 
d the Angle h Fs, double to bs o, the Angle 
the Tangent and perpendicular s h will be 
ery where the right Sine of that Angle ; and 
"Wn icquently, the Horizontal Diſtances will al- 
s be berwixc themſelves as thoſe Sines. 


Coroll. 
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Coroll. ().) The Times of every Horizon 
Range from a given Velocity in divers Degrees 
Elevation, are betwixt themſelves as the right Sint 
of the Angles of Elevation. Let .one Body þ 
thrown (ſee Fig. 4. Plate 4.) according to d 
Angle of Elevation I cd, and another accordin 
to the Angle LAD. I lays that che time 
which the firſt Body reacheth through the P 
bolic Arch TI to the Point l, fituate in th 
fame Horizontal Plane with the Point c, will k 
to the time in which the latter Body reache 
along the Arch At L (Fig. 5. Plate 4.) tot! 
Point L, ſituate in the ſame Horizontal Play 
with the Point A, as the Sine of the Angle del. 
to the Sine of the Angle D A L. For letthere! 
in theſe Figures, as taken together, © A equal! 
dc: ae alſo (becauſe of the Equality of d 
Time, in which the Bodies together would & 
ſcribe the equal Lines d c and A a by the pro; 
ctile Force alone) will be equal to d l. But 
the Nature of a Parabola before declared, D Li 
to A e as DA ſquared is to 4 A ſquared ; or 
DL ſquared is to D I ſquared. Therefore D 
Qi, Ge, are three Lines continually proporti 
nal. And fince (Prop. 4.) the Lines DI, © 
are in the duplicate Proportion of the Times, 4 
and Ae will themſelves be in the proportion 
the Times ; therefore, the former Time will be! 
the latter, as & e, or dil is to A i; that is, as d 
_ - the Angle of Elevation d c 1 and DA 

Coroll. (8.) The greateſt Heights of Projecti 
in a given Velocity in divers Angles of Elen 
on, are one to another as the Squares of the rig 
Sines of the Angles of Elevation. To wit, 
dl or Ae ſquared is to Al ſquared, ſo are 


greateſt Altitudes dl or Ae ro DL. Q.E! 
2 Cori 


Onty 
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Coroll. (9.) The greateft Altitude of Projectiles 
a given Velocity, is where the Projection is 
rpendicular to the Horizon, and is the 4th Part 
the Latus rectum, which in a given Velocity is 
ways given; as in this Caſe the Parabcla endin 
a right Line, the Vertex T (Fig. 4. Plate 4. 
dincides with the Focus E, and the higheſt Alti- 
de becomes equal to Fs a quarter of the given 
tus rectum; and conſequently, which is to be 
ted by the way, half of the longeſt Horizon- 
Range , as we ſhall preſently demonſtrate: 
Coroll. (1o.) The Angle of Projection being 
ven, but the Velocity being chang'd, both the 
gheſt Altitude, (Fig. 4. Plate 4.) that is, the 
incipal Vertex of the Parabola, and the longeſt 
orizontal Range, or the Ordinate sg will be 
anged in the duplicate Proportion of the Velo- 
The former Part is manifeſt from what has 


en before demonſtrated, ſeeing the Altitudes of 


e Lines,or their Aſcents,or Deſcents, are always 
the duplicate Proportion of the Velocities by 
op. 4. foregoing. And from this Part of the 
opoſition the other alſo follows ; for, becauſe 
the likeneſs of -all Parabola's, and of the like- 
ſs of the Parts of like Figures on both Sides, if 
e Altitude Th be changed in the duplicate 
oportion of the Velocity, the reſt of the Lines 
ſo, as s h andes g will be changed in the ſame 
oportion. But the latter part of the Corollary 
ay alſo be eaſily deduc'd otherwiſe, and from of 
e Nature of the Parabola it ſelf; for let us put 
e Velocity to be twofold greater than it was bh 
e, in this Caſe, in what time the Projectile 
ould deſcribe before the Line s v, it will now 
ſeribe the double of that Line; but becauſe of 
e Uniformity of the Force of Gravity, E. 
e 
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Line vc or sr will not be changed. Theref 
as VC or sr given is Double to the Line 
ſo is that double Line to another Line, to wi 
the Latus Rectum of the Vertex s, which is Foy 
fold of the Latus Refum that belonged to th 
Vertex before. From whence the Fourth Part 
this Latus Rectum, or s F, will be Fourfold alſo 
SF the fourth Part of the former Latus Redi 
and becauſe of the Likeneſs of the Triangk 
s Fh, sFh in both Caſes, the Lines sh and; 
will be Fourfold alſo of themſelves, sh and 5 
and ſo in the reſt. The longeſt Horizontal Rang 
therefore in a Velocity Twofold greater, is Fot 
fold greater, in a treble Velocity Ninefold, a 
ſo in infinitum.Nay, indeed it is generally to be 
firmed, that all the Lines in a Parabola whichz 
like, and in the like manner placed, are alu 
increas'd and diminiſh'd in the duplicate Prop 
tion of the Increaſe and Diminution of the) 
locity; as may be gathered from what has be 
already faid. 

Coroll. (11.) The longeſt Horizontal Range 
every Parabola, is equal to half the Latus Red 
belonging to the Vertex that terminates the pri 
cipal Latus Rectum. For in that Caſe, Es is eq 
to sh; but Fs is the fourth Part of the 
Rectum belonging to the ſaid Vertex; and sg 
double to sh; from whence sg is half the lo: 
eſt Horizontal Range of that Latus Rectum. 

Coroll. (12.) Hence we may determine 
longeſt Horizontal Range belonging to ent 
Degree of Velocity. For let it be made thus, 
the Line sr, deſcrib'd in one Second of Time 
the Force of Gravity = 16| 1 Engliſh Feet, i 
the Velocity of the Projectile sv, or rc, to 
compured in the ſame Time; ſo is that Veloce 
to a fourth Number, which will give _ f 

0 ei 


—— —— 
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2-fum of the Vertex s in the ſame Feet: But the 
alf of this Number will give the longeſt Hori- 
ontal Range, as is abundantly manifeſt from 
hat hath been ſaid. Thus, if the Projectile Ve- 
city be ſo great, that ic would carry the Ball 
Ine Thouſand Engliſh Feet in one Second, ſay 
: 1000: 1000: 62112 the Latus Rectum of 
je Vertex s in Engliſh Feet, The longeſt Hori- 
dntal Range therefore is 31056 Feet; beyond 
hich Diſtance, as nothing can be reach'd, ſo 
ichin the ſame it may reach any aſſign d Place 
atever, as will be ſhewn in the next. ' f 
Coroll. (x3.) Probl. (1.) To reach by a- Pro- 
tile, in a Given Velocity, any Place whatever 
gn'd in an Horizontal Plane, not diſtant a- 
ve half of the Latus Rectum of the Vertex s. Let 
Place be at the Diſtance of 20,000 Ergliſb 
odd et, and the Velocity be the ſame which was 
posd in the foregoing Corollary. Becauſe 
refore the Velocity is given, there is given 
Latus Rectum of the Vertex where the 
ng: Piectile will begin its Motion in a Curve, and 
re ſequently the 4th Part thereof, or the Line 
to wit, of 15528 Feet. But according to 
s et was ſaid before, sh is 10000 Feet. 
m theſe things therefore, let there be found 
| of Angle hs F by this Analogy, as sh is to s E, 
e 010 is to 15 528; ſo will the Radius be to 
Secant of the Angle F sh, to be found by the 
ne le of Secants; to wit, 497. 47. Which Angle 
0 erg taken out of a right one, or ſuperadd 
thus, eto, will give the Sum of the equal Angles 
Time and os b; the half of which vs F, or os b, 
et, determine the Angle which the Tangent v b 
t to comprehend with the Perpendicular so; 
Velod it, of 90˙%.! 497. 47. 4. 13, (or 900. & 49% 
= 129˙, 47.) the Li which is 20*. 
f ö 6. 


— — 
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6. 30“. or 69“. 53'. 30”. to wit, according 28 w 
would have the Elevation greater or leſſer thu 
the Mean. If therefore a Leaden Ball be throw 
with the given Velocity in the ſaid Angles, it wil 
deſcribe the Parabola required, and conſequently 
reach the Place aſſign d, without any other Dec 
nation from the Mark, than what the Reſiſtanc 
of the Air makes, which indeed is ſo ſmall, t 
it ought not to be regarded. Thus we have ſoly{ 
the Problem, and taught how, with a given 9. 
city, to hit any Mark in any Horizontal Plan 
which is not too far diſtant, 
Coroll. (x4). Problem (2.) To reach by a Pre 
jectile Motion, in a given Elevation, 
Place aſſign'd in an Horizontal Plane; that 
from the Diſtance of the Place given 5 | 
the Angle hsv given to determine the Velod 
s v. Here the Quadruple of s F will give the 
tus Rectum belonging to the Vertex s: That 
therefore may be found, vc or sr is to be dra 
into the Quadruple of sf; and from thence 
ariſe a Rectangle equal to the Square of vs orc 
the Quadratick Root therefore being extrad 
out of that Rectangle, there will be found vs 
c r, that Semi-ordinate which the Projectile ouf 
to deſcribe in one Second of Time. As for 
ample :. Let sg, the Diſtance of the Object, 
as before, to wit, 20000 Engliſh Feet, and 
given Angle hs 69“, 53, 30”. The An 
Fsv, or os b, will be of 20%. 6. 39”. and! 
Angle Fs h of 497. 4. Whence, from 
Tables of Sines, the Proportion of the Line 
to Fs will be that of 10, ooo to 15,528. Fi 
whence Es will be given, and the Latus Redus 
the Vertex s of 62112 Feet; which Number fer) 
ing drawn into vc or sr = 16| x Feet, M Poit 
will ariſe the Rectangular Number i a1 
qu 
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auare Root whereof is ro00, which affords the 
lumber of Feet in the Line s v. If therefore in 
e given Angle, the primary Velocity of the 
Projectile be ſuch, as to carry it One Thouſand 
eet i one Second of Time, it will reach the 
ark g placed in the Parabolick Curve s Tg, if 
is not a little retarded by a very ſmall Reſiſtance 
f the Air. And the Computation is altogether 
e ſame, if the Angle Fs v, or os b, were ſup- 
sd to be 69. 53'. 30”. as will eaſily appear from 
hat was ſaid in the laſt Corollary foregoing. 
Coroll. (x5.) Hence alſo, from the Elevation 
ven, or from the Velocity given, any Place what- 
er, as 1 may be reached that is placed out of the 
orizontal Plane; that is, if in the ſame Parabola 
oduc d, if there be Occaſion, we note ſome other 
int, as g, placed in the Horizontal Plane. For 
e ſame Caſt which reacheth to the Place g, 
alſo reach unto l, or any other Place ſituate 
the ſame Parabola. 
Coroll. (x6.) The Velocity of a Body which 
ſcribes a Parabola, is every where as a right 
ne drawn from T, the Vertex of the Parabola 
to the Middle of the Semi-ordinate ; or as part 
the Tangent drawn betwixt the Point of Con- 
m, and the Axis; that is, as the Secant of 
Angle of Elevation above the Horizon. (See 
3. Plate 4.) For the Line to be deſcrib'd 
the given Time, is as the Diagonal of the Pa- 
lelogram m QRP; the Side whereof m Q is 
ys given, and in P is equal to bm doubled, 
to SG. Therefore the Velocity in the Point. 
is to the original Velocity in the Point T, as 
Nis to PR, or as S m is to G M; and thus it 
ery where. Therefore the Velocity in m, 
Point of the Parabola, is to the Velocity o n, 
ich is any other Point of che Parabola, as the 
K 2 Part 
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Part of the Tangent S m is to Part of the Ty 
— X 4, both being taken betwixt equi. diſ 

iameters bm and TG; that is, as the Secay 
of the Angles of Elevation. 2. E. D. 

Coroll. (t7.) The leaſt Velocity of all thereſe 
is in T, the Vertex of the Parabola ; and the) 
locity is always by ſo much the greater, by hi 
much the greater the Diſtance is from that 90 
tex. 

Coroll. (18.) If therefore the Velocities of þ 
dies, thrown in divers Angles, be in the Prop 
tion of the Secants of the Angles of the Elera 
on above the Horizon, they will all of them d 
ſoribe the ſame or an equal -Parabola, that i 
Parts of the ſame or an equal Parabola; P. 
greater, where the Angle of Elevation is great: 
and leſſer where the ſaid Angle is leſs. But 
the Velocities be in ſome other Proportion, th! 
muſt needs deſcribe divers Parabola's , or Part 
divers. | 
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H E Quantity of the Centripetal Fc 
of Bodies mov'd round in Circles 


3 
7 to be eſtimated from two things « 


oS $70 
S237 junctly, to wit, the Curvature of! 


Arches deſcrib'd at the ſame time, 
the Velocity of the Morions in that Curvati 
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or ſince all Motion is in it ſelf Rectilinear, and 
zodies can be mov'd in Curves only by a centri- 
tal Force impreſs d from without; it is reaſo- 
able that the Velocity being given, we ſhould 
etermine the Curvature, which is generated from 
extrinſic centripetal Force only , proportional 
the fame Force. And on the other Side, ſince 
d greater centripetal Force is requir'd to the ma- 
ing the ſame Curvature, where the Velocity of 
e Projection, or of the equable Original Moti- 
eval is the greater, and a leſs centripetal Force is 
m Wquic'd where the ſaid Velocity is the leſs; It is 
aſonable that the Curvature being given, we 
ould determine the centripetal Force, propor- 
en nal to the ſame Velocity. As therefore in com- 
ring Rectangles, we determine their true Propor- 
dns by thoſe of their Longitudes and Latitudes ; 
itis likewiſe to be done in the comparing of 
ntripetal Force ; by defining, to wit, their true 
oportions in every given Time, from the 
oportions of their Curvatures and Velocities 
njunctly. Let it therefore be laid down for a 
tain Truth, That the Proportions of centripe- 
Forces are every where to be eſtimated from 
Proportions of their Curvatures and Veloci- 
5 conjunctly. 
Sebolium. For the Underſtanding the true 
pportions of Curvature and Velocity, we are 
dbſerve, that the Curvature is every where 
al in the leaſt equal Angles, if the Subtenſes 
the Angles of Contact be one to another, as 
cle, Radii or Diſtances from the Center; as the 
portion of like Figures doth altogether re- 
re: And if the Curvature doth recede from 
Proportion of the Diſtances, the Proportions 
va he Exceſs or Defect are to be taken for the 
Proportions of exceeding or deficient Curva- 
K 3 ture, 
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ture, which are afterwards to be computed. 
as for the Velocity, it is every where to be c 
ſider d according to that Degree in which it ſer 
to promote the Angular Motion, and conſeque: 
ly every where in a Line Perpendicular to t 
Radius, or, which comes to the ſame, it is to 
eſtimated in the leaſt Circular Arch. For when 
ſoever the Direction of the Motion is either 1 
wards.or downwards, by how much the Veloci 
is increas d, by ſo much is the Curvature alwz 
diminiſh'd ; and ſoon the contrary : The Q 
tity which ariſeth from the conjun& Forces 
the ſame, being yet in no wiſe chang'd ; whit 
is to be obſerv'd every where. 

IX. If two Bodies do in equal ( Fig. 5. ? 
2.) Times run over Two whole unequal C 
cumferences bdge, and BDGE, with an 
quable Motion, the centripetal Force in the gre 
ter Circumference will be to that which is int 
leſs, as the Circumferences are one to another( 

. realy ; or, which is the ſame, as their Diamet 
or Radii. 
For becauſe of the Curvature given on b 
Sides, to wit, that of a whole Circle; the e 
tripetal Force in the greater Circumference 
be to that which is in the Leſs, as the Veloci 
of the Bodies; that is, as the. Circumference 
the Circles, directly. Q. E. D. 
Corollary : If the periodic Times of Bodies 


volving in Circles be Equal, then both the J. ol . 
| cities, and the centripetal Forces proportional crit 


| the ſame, will be one to another, as the Circun 
rences or Diameters of the Circles directly; 
on che contrary, if the centripetal Forces of 
dies revolving in Circles, be one to the other, 
the Circumferences or Radii of the Circle 

EY TS * 37 . | red 
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realy ; then their Velocities will alſo be in the 
fame Proportion, and the periodic Times will 
be equal. 

Corol. (2.) If the Force of ſome central attra- 
tive Body be directly as the Diſtances from the 
ame Center; the periodic Times of all Bodies 
volving in Circles about the central Body will 
de equal. And the ſame Thing is to be aſſerted 
pf Ellipſes , ſince their entire Curvatures be e- 
qual to the entire Curvature of any Circle what- 
ver ; and their Circumference an intermediate 
dne, as it were betwixt the Circumferences of 
ircles, taken on this Side and on that. From 
hence from the Equality of periodical Times in 
ircles, whether greater or leſſer than Ellipſes, it 
ill be obvious enough to aſcribe the ſame Equa- 
ity of periodic Times, to the intermediate Ellip- 
5 alſo about their Centers. 

X. If two Bodies revolve in the ſame, or equal 
ircles with unequal Celerities, but both with 
equable Motion, the centripetal Force of the 

wifter will be to that of the Slower, in the 
roportion of the Celerities duplicated ; or as 
e Squares of the Arches deſcribed together. For 
cauſe of the given Curvature of equal Circles 
equal Arches; increaſing together with the 

elocity, the Curvature alſo will increaſe in the 
me Proportion ; therefore the centripetal Force, 
hich is to be eſtimated from the Curvature , 
d the Velocity conjun&, will be in a given 
ime in Proportion of the Arch, to the Arch 
(cribed at the ſame Time, upon Account of the 
elocity ; and in Proportion of the ſame Arch, 
(crib'd at the ſame Time, conſider'd in re- 
ct of the Curvature ; from whence by the Con- 
n&tion of both 2 „the centripetal 
orce will be (the Rectangle being reduc'd to 4 
K 4 Square,) 
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Square,) in the duplicate Proportion of the As 
ches deſcrib'd at the ſame Time; or as the Squam 
of thoſe Arches. Q. E. D. 

Coroll. (I.) Since the Petiodic Times in equi 
Circles are reciprocally Proportional to the Velo 
cities, the centripetal Forces will be reciprocal 
in the duplicate Proportion of the period 
Times, or as the Squares of the periodic Time 
reciprocally ; ſo that by how much the Square d 
the periodic Time is the greater, the centripen| 
Force is ſo much the leſs; and by how much that 
Square is the leſs, ſo much the greater is the cen 
tripetal Force, and in the ſame Proportion. 

Coroll. (2.) If many Bodies be mov'd in Circle 

about many Centers, each about their 6wn, au 
this at the ſame Diſtance every one from the Cen 
ters ; the attractive Force of the central Bodies wil 
eaſily appear, ſince they are amongſt themſelu 
as the Squares of the Times reciprocally ; and th 
Velocitiss alſo will eaſily appear, ſince they b 
in the reciprocal Proportion of the periodid 
Times. | 

XI. If two Bodies be carried in unequal Ci 
cles wich equal Velocity, their centripetal Ford 
will be in the reciprocal Proportion of their Cit 
cumference or Diameters; ſo that in the leſle 
Circumference there will be the greater centript 
tal Force, and in the greater the leſs. 
For becauſe of the given Velocity, the centn 
petal Force in the given Time, will be as the Cur 
vature of equal Arches, that is as the Circumſ 
rences, the Diameters or Radii directly. 4 


e cet 
des 11 


at th 


220 | 
Coroll. ( 1.) Since the periodic Times i 
Bodies equally: ſwift, are betwixt themſelves i 
the ſame Proportion, as the Circumferencest 
be deſcribed ; if the periodic Times of Bodi 
. 1 7» 1 oy. mor! 


Mathematical Philoſophy. 137 
oy'd in divers Circles, be directly as the Cir- 
amferences of the Circles, the centripetal For- 
es will be as thoſe Circumferences or Radii re- 
;procally ; and on the other Hand, if the cen- 
ipetal Forces be as the Radii or Diſtances reci- 
cocally, the periodic Times will be as the Radii 
irectly. 

cel (2.) If the Force of any attractive cen- 
al Body be reciprocally as the Diſtances of 
odies from the Center; ſo that by how much 
e nearer Bodies approach thereto, ſo much the 
eater the central Force is; and by how much 
ey are more remov'd, ſo much the leſs is that 
cal orce: The peroidic Times of Bodies, plac'd at 
vers Diſtances, will be as thoſe Diſtances di- 
aly, and the Velocities of thoſe Bodies will be 
qual. | 
XII. If two Bodies be moy'd in unequal 
ircles, with an unequal Velocity, in the 
b-duplicate Proportion of the Circumferences, 
iameters, or Radii, the centripetal Forces will 
> equal every where, and neither increas'd in 
e Acceſs or Receſs. £4 
For becauſe of the greater Velocity in the 
eater Circle, and this in the ſub-duplicate Pro- 
drtion of the Circumferences, the centripetal 
orce is to be increasd in the greater Circle in 
e ſame Proportion, And becauſe of the greater' 
urvature in the leſſer Circle, and this in the 
b-duplicate Proportion of the Circumferences, 
e centripetal Force is to be increas'd reciprocally 
the leſſer Circle. It is therefore manifeſt, That 
e centripetal Forces are to be increas'd on both 
des in an equal Proportion, and conſequently 
at they are {till equal on both Sides. Q. E. D. 


7 fe 


| 
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As for Example, Let the Radius of the greats 
Circle be Fourfold of the Radius of the leite 
Circle, or as 4 to t; and let the 8 in th 
greater be to the Velocity in the leſſer, in a ib 
duplicate Proportion of the Radii, or as 2 to! 
Seeing now the Curvature of the greater is equl 
to the Curvature of the leſſer, in like Arche 
and in Arches equal, is to the ſame reciprocal 
as the Radii ; it is neceſſary that in a double Ard, 
which the double Velocity in the greater, vil 
deſcribe in the given Time, rhe Curvature ſhoul 
be half of the other. The Vetocicy therefore 
the former Body is to that of the latter, as 20 
1; and the Curvature of the latter to the Cur 
ture of the former, as 2 to 1. From whenceth 
Quantity of the centripetal Force in the forme: 
will be to the Quantity of the ſame in the latte 
as a Rectangle made of the Velocity of che for 
mer, drawn into the Curvature thereof, or 


2 * 1, is to a Rectangle of the Velocity of th F 
latter, and the Curvature of the ſame conjund e 
or as 1* 253 that is, in the Proportion of Equal Co 
ty : And thus every where. 1 

Coroll. (2.) Since the periodic Times be in th * 
Caſe one to another, in the ſub- duplicate Props of 


tion of the Circumferences, Diameters, or R 
dii, the Squares of the periodic Times will! 
betwixt themſelves as the Circumferences, e 
If therefore the Squares of the periodic Tim 
be one to another as the Circumferences, Or. t 
centripetal Force will be equal in all Diſtance 
and the Velocities in the ſub- duplicate Proportic 
of the ſame Circumferences, Diatners, &. At 
on the other Hand, if the eentripetul Forces 
equall in all Diſtances, the Squares of tho pen 
dic Times, will be as the Diſtances or Radii; u 
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the Velocities ſtill in the ſub-duplicate Proportion 
of the ſame, ; . 

Coroll. (2.) If the centripetal Force of any at- 
active central Body be altogether the ſame in all 
Diſtances, the Velocities will be in the ſub-da- 
plicate Proportion of the Diftances; and the 
Squares of the periodic Times will be to one a- 
other, as thoſe Diſtances or Diameters, or Cir- 
umferences. 

XIII. If two Bodies be movd in unequal 
ircles, with an unequal Velocity, in the 
ſub-duplicate Proportion of the Circumferences, 
e. reciprocally ; ſo that in the greater Circle 
he Velocity be the leſſer, and in the leſſer Circle 
he. greater, and this in the ſaid ſub-duplicate re- 
iprocal Proportion, the centripetal Force will be 
eciprocally as the Squares of the Radii or Di- 
ances. 8 

For becauſe of the leſſer Curvature in the 
greater Circle, and this in the ſeſquialteral reci- 
procal Proportion of the Radii ; and becauſe of 
he leſſer Celerity alſo in the greater Circle, and 
his in the ſub-duplicate Proportion of the Radii, 
he centripetal Forces to be deriv'd from theſe 
onjunct Proportions will be in the duplicate reci- 
procal Proportion of the Radii , or reciprocally 
is the Squares of the Radii. Q. E. D. 

For Example: Let the Radius of the greater 
ircle be Ninefold of the Radius of the leſſer, or 
9 to 1; and let the Velocity in the greater be 
o the Velocity in the leſſer in the Subduplicate 
Proportion of the Radii reciprocally, or as 1 to 3. 
eeing the Curvature of the greater is to that of 
he leſſer as before , that is, in like Arches equal, 

d in equal Arches reciprocally as the Radii : It 
nuſt needs be, that in an Arch to the Third 
"art only of the other, which the Third Part — 

R * a 
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the other's Velocity will deſcribe in the Givn 
Time, ſhould. be in the Greater only one 214 
Part of the other, or as 1 to 27. Therefore th 


Velocity in the greater Circle is to that in the le" 
ſer as 1 to 3, and the Curvature in the greater ii 
that in the leſs, as 1 to 279. From whence ter. 
Quantity of the Centripetal Force in the greater, ur 
will be to the Quantity of the ſame in the leſſer, Mai 
as a Rectangle of the Velocity and Curvature i up 
the greater conjunctly, or as 1x 1=1 is to if 
Rectangle of the Velocity and Curvature in .hRHica 
leſs conjunaly, or as 3 x 27 = 81 ; that is, as tub 
Square of the Radius of the leſs 10= 1 is to thei c 
Square of the greater = 81. And ſo every when Ml: : 
For the Periodic Times will be to one another be 
as 27 is to 1; that is, in the Seſquialteral Propo- Nhe 
tion; for 27 is a Geometrical Mean Proportion 24 
betwixt 9 and 81; and conſequently the Propor-Wl x 


tion of 27 to 1, contains the Proportion of 9 to r; 
and the halved Proportion of 81 to 9, or the Sub 
duplicate of 81 to 27, [ 1:3:9: 27: 81: =.] and thu 
every-where. | 
Coroll. (I.) Seeing the Periodical Times in thi 
Caſe are one to another in the Seſqui-plicate Pro 
rtion of the Radii, the Squares of the Period-Worce 
cal Times will be betwixt themſelves as the Cubs 
of the Radii. If therefore the Squares of the 
Periodic Times be betwixt themſelves as the 
Cubes of the Radil, the Centri-petal Forces wil 
be betwixt themſelves as the Squares of the Rady 
reciprocally -; and the Velocities ſtill in the Sub 
duplicate Proportion 'of the Radu - reciprocally 
And on the other hand, if the Centri- petal ForcsMropo 
be inverſly as the Squares of the Diſtances or R»{ropo 
dii, the Squares of the Periodical. Times will eme rr 
beewixt themfelves as are-the Cubes of the 1 
= MY AY aff 41>; 3 Dt 
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and the Velocities ſtill in the Subduplicate Pro- 
,orcion of the Radii reciprocally. - iy 

Coroll. (2.) If the Centri-petal- Forces of any 
entral attractive Body whatever be in divers Di- 
ances from their'Center, as the Squares of thoſe 
Diſtances reciprocally, the Velocities of Bodies 
evolved in the divers Diſtances will be in the Sub- 
Juplicate Proportion of thoſe Diſtances recipro- 


ler, W&-1ly ; and che Proportion of the Periodical Times 
WW uplicated, will be equal to the Proportion of the 
the Diſtances criplicated, or the Squares of the Perio- 
theWical Times will be betwixt themſelves as the 


ubes of the Radii. 9 4 afy oe; | 
Coroll. (3.) If the Motion be in an Ellipſis, then 
et the Middle Diſtance betwixt the. greateſt and 
he leaſt be taken ; and then alſo the Squares of 
he Periodical Times will be as the Cubes of the 
Nadii as well as in Circles. 1 ty qv | 

XIV. If ewo Bodies be carried in unequal Cir- 


0. 
dies with an unequal Celerity; ſo that by how 
zur uch greater the Radius, Diameter or Circumfe - 


ence is, ſo much the leſs the 1 is; and by 
ow much the leſs the Radius is, ſo much the 
reater is the Velocity, and this in the Recipro- 
al Proportion of the Radii, the.;Centri-petal 


ob orces will be as the Cubes of the Radii recipro- 
U : ly. | 4 
the For becauſe of the leſſer Celerity in the greater 
teWWircle, and this in the Reciprocal Proportion of 


e Radii; and by reaſon alſo of the leſſer Cur- 
ature in that Circle, and this in the Duplicate 
eciprocal Proportion of the Radii, the Centri- 
tal Forces to be deriv'd fromj thoſe Conjunct 
roportions will be in the Reciprocal Triplicated 
roportion of the Radii, or as the Cubes of the 
bei me reciprocally. | 1 
3 
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As for Example: Let the Radius of the greay 


Circle be Twofold of the Radins of the lefs, i 
as 2 to 1. And let the Velocity in the greater vi c- 
to the Velocity in the leſs OD as the Min 
dis, or as 1 to 2: In this Caſe the Curvature B 
the greater will be to the Curvature of the laſ i Mer 


the Given Time as 1 to 4: Therefore the Veh 
City in the leſſer, is to che Velocity in the gruam 
28 2 to x; ànd the Curvature in the lefs, to th 
Curvature in the greater, as 4 to x. From when 
the Quantity of the Centri- petal Force in th 
lefs, will be to the Quantity of the ſame in the 
greater; as the Rectangle 2 * 4==8 is to the Red 
Angle 1 1 21, or as the Cubes of the Radii u 
eiprocally; and fo every- where: 


Coroll. ( 10 Since the periodic Times be i 


2 V 
this Caſe in the Duplicate Proportion of the oſe 
dii, if che — of the Periodie Times llc 
berwixt themſelves, as the Biquadrate of the Mis: 
aii:; or which is the ſame, if the Periodic Tina», 
themſelves de one to another as the Squares of ed 
Radii ; the Centri-petal Forces will be betwu dar 
themſelves as the Cubes of the Diſtances or Ri ui 
inverſely, and the. Velocities inverſely as the Mrd 
dit. And on the other hand, if the Centri- peu the 
Forces be inverſely as the Cubes of the DiſtanceyMuch' 
the Periodic Times will be betwixt themſelves » 
the Squares of the Radii ; and the Velocicies ſti Dee. 


as the Radii themſelves inverſely, 

Coroll. (2.) If the Centri-peral Forces of an 
Central attractive Body whatever he in divers Di 
Rances from their Center, as the Cubes of thok 
Diſtances reciprocally, the Velocities of Bodies! 
volved in divers Diſtances will be in the Recipt 
cal Proportion of the Diſtances ; and n 
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c Times in the Duplicate Proportion of thoſe 
iſtances. 3 5 3 
Coroll. (3.) All the ſame Things 
mes, Velocicies, and Centri-petal Forces, where- 
Bodies deſcribe- like Parts of any Curves what- 
er which are like, and have their Centers in the 
e manner poſited, do follow from the Demon- 
tions of the foregoing Matters which were ap- 
jed to Circles in particular, as applied to the o- 
er Caſes. Wetter GE 
Scholium, Since the Caſe of Propeſition 1 3th 
th place in the Celeftial Bodies; to wit, that the 
uares of the Periodic Times are every-where 
ze to another as the Cubes of the Diſtances ; 
d that conſequently the Centri-petal Forces are 
the Squares of the Diſtances reciprocally, and 
> Velocities in the Sub-duplicate rtion of 
oſe Diſtances -reciprocally : Since, I ſay, this 
aſe hath place in the Syſtem of the World, and 
is alone, as our Countrymen, Sir Chriftopher 
en, Dr. Hook, and Dr. Halley have ſeverally Col- 
ted ; and that the ſame is now generally recei- 
d amongſt Aſtronomers ; This moft noble Caſe 
quires to be more largely and diligently conſi- 
rd in what follows; while the 

the reſt are but more lightly and curſorily 
ch'd upon. | 


Dec, 11, 1704. 
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XV. 2 HE Area's, which revolving k 
dies do deſcribe by Radii, dray 
*S e \\nto an unmovable Center | 
| 2 Force, do both lie in immovz} 
Planes, and are proportional: 
the Times, and fo in any given Time even 
where equal; the Velocity of Motion 
the leſſer Diſtance, and the Slowneſs thereof 
the greater ſo. tempering the Deſcription of 
Area's, that from thoſe various Diſtances no di 
ference of the Spaces run over in the given Tin 
doth ever ariſſſGGGGe. | 
For let the Time be divided into equal Pan 
and in the firſt ſmall Time let the Body by 
innate Force, or by a projectile Motion deſcri 
in the firſt: Part of Time, any right Line, as A 
( See Fig. 6. Plate 4.) | The ſame Body in tl 
ſecond equal Part of Time, if nothing hinder 
nd no other Force was impreſs'd on it, would! 
raight forward to B c, deſcribing the Line B 
equal to A B, ſo that the Area's A'S B, BS 
made by the Radii drawn to the Center 8, wc 
be equal. But when the Body comes at the Poi 
B, let a centripetal Force, whether it be an Me 
traction, or ſome Preſſure tending to the Cent 
S, act upon the ſame Body by one ſingle Impull 
which is to the projectile Motion as any Rig 


[ Line, as Bg to Bc; this new Impulſe will 15 d, 
that the Body ſhould decline from the Ri r u 
N Line Be, and go forwards in another Right Li Nel 
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wit, B C the Diagonal of the 

arellogram B 8 Cc; ſo that the Lav of Mit. a2. 
| equal Part o Time being com- foregoing. 
EO the Body will be to be 

und at the Point C, in the ſame Plane with the 
riangle A SB. Join S C, and the Area deſcrib'd 
the Radius drawn from the Center to the Bo- 
, that is, the Triangle SB C will be equal to 
Area of the former ; that is, to the Triangle 
3 c, (by I. 37. of the Elements,) and conſequent- 
to the firſt Triangle SAB, to which, by what 
s ſaid before, S Bo is equal. By the like Ar- 
ment in the 3d equal Part of Time, the Body 
duld reach by the Projectile Force (which be- 


oi once impreſs'd doth till endure) from C tod; 

chat the Line Cd, which is to be deſcribed , a 
ag uld be equal to CB chat was laſt deſcrib 4. 
Ti: if any Centripetal Force whatſoever, whe- 


r greater or leſs than the former, ſhould again 
upon the Body in the Point C, the Body in 


by End of the zd Time will be found ſomewhere 
(crthe Line Dd parallel to SC, and would be 
s AWricd along C D the Diagonal of a certain Pa- 
on Wfceram h Dd C to a certain Point D; ſo that 
dei Triangle SD C would be equal to the Tri- 
uld ge $d C, and conſequently to the Triangles 
e z. SBA, which are equal one to the other; 
BWW by the ſame Reaſon, if the Centripetal Force 
wou ſucceffively in D, E, F, making that the Body 
Poze in each equal little Portion of Time de- 


de 2 ſeveral Diagonal, all cheſe right Lines 
Cen lie in the ſame Plane, and the Triangles 
b, FE will be deſcribed equal to the former. 
Rig let the Number of the Triangles be in- 
ues d, and their Latitude decreas'd infinitely, 
Rich olcimate Perimeter AD F will become a 
t Lc Line, the Sides of a Polygon ending in a 
L Cur vo, 


Body will perpetually be drawn back from the Ii 


= . — 
— —. we. —ů—ͤ 
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Curve, and by reaſon of the continued and! 
ver-ceaſing Action of the Centripetal Force, th 


gents of the Curve, and the Areas likewiſe byt 
ſame Reaſon as before, will ſtill be deſcrib'd in 
unmoveable Plane, and be proportional to t 
Times. 2. E. D. 

Coroll. (I.) Therefore the Velocity of a Bd 
revolved about a Center, which is eſtimated y 
cording to a Line perpendicular to the Radig 
will be in the reciprocal Proportion of thei 
ſtances; for otherwiſe the Equality of the A 
could in no wiſe be kept. 

Coroll. (2.) The Angular Velocity of a Bd 
about the Center of Force, will likewiſe be in 
reciprocal Duplicate Proportion of the Diſtang 
For ſince the true Velocity is in the ſimple reci 
cal Proportion of the Diſtances, as we have lz 
already, and the Diſtance of the Center ist 
greater by how much the Motion is the ſlow: 
and in the ſame Proportion; it is manifeſt, t 
that angular Velocity with reſpect to the Cet 
of Force, is in the duplicate Proportion of i 
Diſtance reciprocally. 

Coroll. (z.) Where the Poſition of the Tang 
is perpendicular to the Radius, or Diſtance f 
the Center, and the Velocity of the projet 
Motion makes the Centrifugal Force exactly 
portional or correſpondent to the Centrip 
Force of the Central Body; the Body will nei 
approach to the Center, nor recede from it, 
will be carried perpetually with a circular Mot 


about that Center. que 

Coroll. (4.) But where the Poſition of the Hr. I; 
gent is oblique to the Radius, although the Mer 0 
city of the Projectile Motion be proportionate, 60 


correſpondent to the Centripetal Force, thatC 


Mathematical Philoſophy. 147 
ripetal Force will ſomewhat increaſe even the 
aſt deſcending Motion by conſpiring together 
ith it, and ſomething diminiſh even the leaſt 
cending Motion by oppoſing it; until at length 
e increasd Motion exceeds the Cehtripetal 
orce, and the Body which before deſcended 
mes now to aſcend ; and the diminiſh'd Motion 
length Yields to the Centripetal Force, and 
ze Body which aſcended before doth again de- 
end. | 

roll. (F.) From ſuch like Circumſtances ought 
ariſe the Motions of Bodies revolved in 
Iliplſes about any Center whatever. For al- 
ough the Body be ſuppos'd to be now ſituated in 
e Courſe of its Revolution, at the leſſer Axis of 
e Ellipſis, the Central Body poſſeſſing the Fo- 
5, or at the mean Diſtance, and the Velocity 
the Projectile Motion be ſuppoſed alſo in that 
ace to correſpond exactly to the Centripetal 
Ice; yet notwithſtanding, becauſe of the ob- 
ue Poſition of the Tangent in the ſame Place, the 
otion will Become not Circular but Elliptic; 
ilſt the Body, as it is in deſcending, doth 
little and little acquire a new Force, by which 
may afterwards aſcend ; arff as it is in aſcend- 
„ doth by degrees loſe ſome Force by which it 
ended before; until at length the Centcipetal 
ce overcoming it, be compell'd to deſcend : 
d thus perpetually. From whence it is mani- 
„by what means an Elliptic Motion may 
e from a Motion impreſs d according to an 
lique Line; in the mean while that the very 
e Motion impreſs d, according to a perpendi- 
Ir Line, would have produe'd a Motion alto- 
ner Circular. ; 

ol. (b. If in VacuotheArea's deſcrib'd be not pro- 
I. 2 pbr- 
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portional to the Times of the Deſcription, d 
Forces do not tend unto a Concourſe of the Ray 
For if they tended thither, the Areas would n 
ceſſarily be proportional to the Times. Which 
contrary to the Hypotheſis. 

Coroll. (7.) In all Mediums, if the Deſcripti 

of the Areas be accelerated , the Forces tend ng 
unto the meeting-together of the Rays, but ca 
ſpire rather wich the Projectile Motion; if d 
Deſcription of the Areas be retarded, that i 
more chan the Reſiſtance of the Medium require 
the Forces tend not unto the meeting- together 
the Rays, but are rather oppoſite to the Projed 
Motion. 

XVI. Every Body which is mov'd in a Cu 
Line, and doth by a Radius drawn to ſome Poi 
either immoveable , or going forwards uniforn 
with a Rectilineal Motion, deſcribes Areas abe 
that Point proportional to the Times, is urged 


impreſs'd by a Centripetal Force tending to on 
ſame Point. Cor 
Caſe (1.) For becauſe of the Equality of out 
Triangles Sc B, S CB ( ſee Fig. 6. Plate 4.) the 
ſcrib d upon the ſame Baſe SB, the Points C 
and c will be (by I. 39. of the Element:) int —— 
ror 


Line Cc parallel to the Baſe ; and conſequen! 
the Figure Be Cg will be a Parallelogram, 
which the Sides Bc and Bg repreſent t 
Forces, and BL is the Diagonal: And the 
fore the Body placed at B, is incited by the Fo 
B g tending to S the Center of the Forces; 
ſo likewiſe in all the Points, C, D, E, F. 2. E 

Caſe (2.) And it is the ſame thing, whether! 
Plane in which the Body deſcribes the Curvill 
ar Figure doth reſt, or whether it be mov'd iq 
ther with the Body, the Figure deſccibed, and 
Central Point S uniformly ſtraight _ 
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herefore the Demonſtration of the former Caſe 
ill hold in this alſo. | 

Scholium. A Body may be urged by a Centri- 
etal Force, which is compounded of divers For- 
es, (as for Example, the Force of heavy Things 
awards the Center of the Earth, is compounded 
f Forces tending to all the Parts of the Earth, as 
ill appear afrerwards;) And in this Caſe the 
enſe of the Propoſition is, that that Force which 
compounded of all, when it is reduc'd to one, 
nds to the Center of that Force. | 

Coroll. (1.) Seeing therefore in the Syſtem of 
e Primary Planets the Areas deſcrib'd by Rays 
awn to the Center of the Sun, are always pro- 
prtional to the Times; as is well known to Aſtro. 


30 mers, the Planets are perpetually urged by a 
ou orce tending to the Center of the Sun; and in 
ada de ſame manner muſt we reaſon concerning the 


condary Planets, as revolved about their Prima- 
ones, Saturn, Fupiter, and the Earth. . 

Coroll, (2.) As the Velocity of divers Bodies 
dout a Center of Force, where that Force is 
the Squares of the Diſtances inverſely, is in di- 
rs Circles in the ſubduplicate Proportion of the 
in iſtances inverſely, as we demonſtrated before; 
from this and the foregoing Propoſition it fol- 


an ws, that the Velocity of the ſame Body deſcri- 
ir ng any Eccentric Orbit, taken as placed in its 
cheers Diſtances from the Center, let the Condi- 
Fon of the Centripetal Force be what it will, is 
; s the Diſtance inverſly; 5. e. if the Veloci- 


be eſtimated by a Circular Arch, or in a Line 
dert pendicular to the Radius as before: The Cauſe 
which divers Velocity is this, that in divers 
rcles the Areas in that Caſe are not equal on 
th Sides, but according to the Greatneſs of the 


rf tance greater, and in the ſame Proportion of 
LI the 
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the Magnitude alſo greater; when notwithſtan C 
ing, in the Revolution of the ſame Body, Ma) 
Equality of the Areas doth altogether require ion 
Velocity reciprocally proportional to the Diſta be 
Thus, if two Planets are revolv'd about the rg 
in divers Circles, the Radii of which do exe cc 
one the other in the Quadruple Proportion, Mig 
remoter Planet would be carried with a Velocinforr 
which is only double to that of the other: Bui od 
the ſame Planet, performing its Circuits in a ven C 
Eccentric Ellipſis, be placed ſometimes at a gi ort 
er, ſometimes at a leſſer Diſtance ; and the end 
as before, exceeding and falling ſhort by turm i C 
the Quadruple Proportion, the Velocity will Mai. 
in the reciprocal Proportion of the DiſtancullWg t 
and in the leſſer Diſtance exactly Quadruple Me p 
the other; and ſo in any Diſtances whaterail Cl 
Which thing ought to be kept in mind, in tio 2 
Contemplation of the whole Planetary Syſtei om 
XVII. Every Body, which by a Ray drawn her 
the Center of any other Body howſoever mo m 
deſcribes Areas about that Body proportional f a 
the Times, is urged by a Force compounded u ei 
Centripetal Force tending to the other Body, Y 
of all the accelerative Force wherewith the ot orc 
Body is urged. For, if firſt of all the Plane, Meme 
the Center of Forces in the Plane, do reſt, ov 
Areas will be proportional to the Times; ande p 
both Bodies be accelerated with the ſame Celerighſo1d 
according to parallel Lines, the Areas will ſtill ion 
main proportional to the Times. From when ke. 
fince by the Hypotheſis the Areas remain prop n 
tional to the Times, both the Centripetal Fom che 
the Cauſe of them, will remain, and the acc 5: 
rative Force will remain every where the (ani: 
common Cauſe of Celerity. he 


Con 
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Coroll. (I.) If any Body whatever doth with 2 
day drawn to the Center deſcribe Areas propor- 
zonal to the Times, and there be ſubdued from 
he whole Force wherewith the former Body is 
rged, whether Simple or Compound, the whole 
ccelerative Force wherewith the latter Body is 
rged, all the remaining Force wherewith the 
ormer Body is urged, will tend unto the other 
Body, as to the Center. | ; 

Coroll. (2.) And if thoſe Areas be nearly pro- 
ortional to the Times, the remaining Force will 
end to the other Body very near. 

Coroll. (3.) And on the other hand, if the re- 
naining Force doth come very near to the tend- 

g to the other Body, thoſe Areas will very nearly 
de proportional to the Times. 

Coroll, (4.) If a Body doth with a Ray drawn 
o another Body deſcribe Areas, which, when 
ompared with the Times, are very unequal 
hereto ; and that other Body doth either reſt, or 
s moved uniformly ſtraight forwards, the Action 
f a Centripetal Force tending to the other Body, 

either none at all, or is mingled and diſturbed 
dy other Forces. And the whole Compound 
orce, if it be ſuch a Force, will be directed to 
dome other Center, whether immoveable or 
oveable, the Areas deſcribed about which will 
de proportional to the Times. The ſame thing 
olds where another Body is mov'd with any Mo- 
10n whatever, if ſo be the Centripetal Force be 
ken to be that which remains after the Subducti- 
dn of the whole Force, which acts upon that 
ther Body. 

Scholium (1.) Becauſe an equable Deſcription of 
Areas is a Token of a Center, which that Force 
herewith the Body is affected doth reſpect, and 

L 4 the 
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the Body by this Centripetal Force is retain'd i 
a Curvilinear Orbit; and all Curvilineal Motion 
is rightly ſaid to be made about that Center, by 
the Force of which the Body is drawn back fron 
the Rectilinear Motion, and perpetually retain 
in irs Orbit: In what follows, we ſhall make uf 
of that equable Deſcription of Areas, as the In 
dex of a Center, about which the Motion which 
is in a Curve is perform'd in free Spaces. 

Schilium (2.) This 17th Propoſition, with it 
Corollaries, appertains to the underſtanding the 
true Syſtem of the World. For aſthough all Plz 
netary Motions are to be derived from a Projedile 
Motion once impreſſed according to Tangent, 
and a Centripetal Force continually urging ; ye 
thoſe Centers unto which the Centripetal Force 
tend, are alſo mov'd themſelves, together with the 
Bodies that are revolved about them. Thu 
the Circulations of the Circumſaturnian, and 
Circumjovial Planets, and of the Moon, d 
proceed from a Projectile Motion once impreſs! 
upon each, and from a Centripetal Force tending 
to the Centers of Saturn, Jupiter, and the Fart 
reſpectively; albeit, in the mean while thok 
Central Bodies, together with their whole Sate 
litium, be mov'd about the Sun, the common 
Center of all the Primary Planets. 

XVIII. A Problem. There being given in an 
Three Places whatſoever, the Velocity where 
with the Body deſcribes a given Figure, by a Foict 
tending unto ſome common Center or Point, t0 
find that Center. 

Let Three Right Lines, PT, TQV, VR, 
( ſee Fig. 1. Plate 5. ) touch a deſcribed Figur 
in ſo many Points, P, Q, R, whilſt they meet to 
gerher in T and V. Let there be erected PA 


QB, R C, perpendicular to the Tangents 70 the 
| 1 | Point 


. 


9 
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oints of Contact, and let them be reciprocally 
-oportional to the Velocities of the Body in 
oſe Points; that is, let PA be to QB as the 
elocity in Q is to the Velocity in P; and QB 
o RC as the Velocity in R is to the Velocity in 
). At the Extremities of the Perpendiculars 
B, C, let AD, DBE, EC be drawn at right 
ngles to the Pecpendiculars, or parallel to the 
angents, and meeting together in D and E. 
et TD and VE be drawn interſecting each 
her in S; and from the Point E, let Er and Ev be 
arallel to the Perpendiculars C R and B Q reſpe- 
ively. And in like manner from the Point &, let Dp 
d Dx be parallel to the Perpendiculars AP & BQ 
ſpectively. Then laſtly, from the Point $ let Ss, 
t, $q be parallel to the ſame Perpendiculars 
ſpectively, or perpendicular to the Tangents ; 
ay, that the Point S is the Center which is 
ught. For ſince the Body revol- 

ng, and placed ſucceſſively in the 3 
dints P and Q, doth by Rays + —— 
zun to the Center of Force in ments 

ual Time deſcribe equal Areas, or 

ual Triangles ; fince alſo thoſe Triangles toge- 

er deſcribed, are as the Velocities, or as the 

nes together deſcribed in P and Q drawn into 

: reſpe&ive Perpendiculars, let fall from the 

nter to the Tangents PT, Q T: Thoſe Per- 

ndiculars will be reciprocally as the Velo- 

ies, and conſequently. as the Perpendicu- 

Dp and Dx directly. But becauſe of the 

eneſs of the Triangles TDx, TSt, and TDp, 

q; as is Dp to Dx, ſo is the Perpendicular Sq 

the Perpendicular S t. And by the like Reaſon, 

i E v to Er, ſo is the Perpendicular St to the 

rpendicular S s. And ſeeing this can be true onl 

his Point S the Concourſe of the Lines TD& VE, 


it 
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it is manifeſt, that S is the Center of the Ca 
tripetal Force & E. P. 


Fan. 29. 1704. 


LEO. XIV. 


XIX. NMUN F = Body be mor'd in an Eli 
20 


about the Center of the ſam 


lac 
I the Centripetal Force will h * 
25 directly as the Diſtance of d lip 
Body from the ſame Cente uati 
For the Curvature every where in like Arche; 


in the quadruplicate Proportion of the Diſtane 


but the Velocity is in the ſimple Proportion of Mc 
ſame Diſtance inverſly. From whence the C toi 
vature, deſcrib'd in a given Time, will be ill! 
the duplicate Proportion of the Diſtance, ul x; 
the Velocity in the ſimple Proportion of the hic 
ftance inverſly, and the Centripetal Force, wii ent 
is to be eſtimated in this Caſe by the Excels f th 
the Proportion of the Curvature above that of or i; 


Velocity, will be directly as the Diſtance, A. 
Corollary, If an Ellipſis, the Center thert 
paſling away infinitely, be turn'd into a Parabdl 
the Body will be mov'd in this Parabola, and d 
Force now tending to a Center infinitely diſt 
will become equable. This is the Theorem of 


lilæo demonſtrated by us above th 
Prop. 8. another Method. And if a ParaboiWorce 
| Section of a Cone, the Inclination We C. 
the Plane to the Cone that is cut thereby be 


chang 
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hang'd, be turned into an Hyperbola ; the Body 
ill be moved about its Center in the Perimeter 
of the Hyperbola, the Centripetal Force being 
urn'd into a Centrifugal one, and that Force be- 
ng greater in a leſſer Diſtance, and leſſer in 2 
greater Diſtance ; as the Nature of ſuch Force 
Joth altogether require. 

Coroll. (2.) If the Centripetal Force of any at- 
tactive Body whatever be directly as the Diſtance, 
o that in a greater Diſtance the Attraction be in 
he ſame Proportion alſo greater, and in a leſſer 
diſtance leſs ; the Body will be mov'd 

n the Ellipſis about a Central Body Corol,3,4,5- 
laced in the very Center of the Ellip- 9 Pr9-15- 
5, or perchance in x Circle which the 

llipſis may paſs into; for, according to the Si- 
ation of the Tangent, of which before, the Bo- 
y will be mov'd either in a Circle, or in an El- 
pſis. f 
Coroll. (3.) And the Periodic Times of Revo- 
tions made in all Figures about the ſame Center 
ill be equal, as we alſo ſhew'd before. Corol. 2. P. g. 
XX. If a Body be mov'd in a Spiral Line, 
hich cuts all the Radii in the ſame Angle, the 
entripetal Force will be reciprocally as the Cube 


els r the Diſtance from the Center of the Spiral. 
ol 088For in the divers Parts of the Spirals, the Curva- 
re of like Arches is equal, and that of equal 
net rches is reciprocally as the Diſtance. But whilſt 
aboßgodies revolve in Spirals, the Celerity will be 
1d ery where reciprocally as the Diſtance ; and 
2 om thence alſo the Curvature will, in the given 
0 


ime, be reciprocally in the duplicate Proportion 
che Diſtance. Therefore the Centripetal 
abaßgghorce, which proceeds from the Proportions of 
tine Curvature and Celerity conjunctly, will be in 
e triplicate Proportion of the Diſtance * 
| | caly,, 
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cally, or reciprocally as the Cube of the I 


ftance. | 
Corollary. If the Force of any attractive 
be in the triplicate Proportion of the Diſtanc 
from the Center reciprocally, all Bodies, the Di 
rections of the Projectile Motions whereof : 
not perpendicular to the Radii, with what Velo 
city ſoever they go forth, will be mov'd in a $i 
ral which cuts all the Rays in a given Angle; af 
if the firſt Body aſcends, it will aſcend infinitely; 
if it deſcends, it will deſcend to the Center int 
Space of Time eaſily to be found from the Quw 
tity of the Spiral Area. 
Scholium. If there were any regular Cum 
the Curvature whereof from any Central Poi 
whatever were in a duplicate Proportion of the Di 
ſtance direaly, any Body whatever would revoln 
in it, if ſo be che Centripetal Forces wer 
amongſt themſelves in the reciprocal Proportiot 
of the Diſtances. For if the Curvature, in equt 
Angles, were according to the Hypotheſis in tis 
duplicate Proportion of the Diſtance directly, tix 
Curvature would in a given Time be always equl 
to it ſelf in all Diſtances ; and ſince the Velocityi 
always reciprocally as the Diſtance, the Centn 
petal Forces, to be eſtimated from the Curvatun 
and Velocity conjunctly, would be as the Diſtana 


reciprocally,and the Body would be moy'd in tu ies, 
Curve. 2. E. D. ile 
So likewiſe if there were any regular Cu adi 


the Curvature whereof from any Central Poll 
whatever, were in the triplicate, Proportion 
the Diſtance directly, any Body whatever wo 
revolve in it, if ſo be the Centripetal Force wel 
in all Diſtances equal. For if the Curvature ! 
equal Angles were, by the Hypotheſis, in the trip 
cate Proportion of the Diſtance * 

ur 
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urvature in the given Time would always be di- 
aly as the Diſtance; and ſince the Velocity is 
ways as the Diſtance reciprocally, the Centri- 
tal Forces, by reaſon of the Equality of the 
ire and reciprocal Proportions, would always be 
qual, and a Body would be mov'd in that Curve. 


Velo XXI. If a Body be mov'd in an Ellipſis about 
Sp Focus, the Centripetal Force will be every 
here in the duplicate Proportion of the Diſtance 


om the ſame Focus reciprocally. For, as we no- 
d above, the Curvature wich reſpect to the Fo- 
sin divers Parts of Ellipſes, Parabolz, and Hy- 
rbolz, is every where in like Arches directly as 
e Diſtance, and in equal Parts always qual: 
o the Velocity every where is in the reciprocal 
roportion of the Diſtance. Therefore in Arches 
ſcribed in the ſame time, the Curvature is reci- 
rocally as the Diſtance from the Focus, and the 
elerity is lckewiſe in the ſame reciprocal Propor- 
on: From whence the Centripetal Force, to be 
ſtimated from the conjun& Proportions of the 
urvature and Celerity, will be in the duplicate 
roportion of the Diſtance from the Focus reci- 
rocally, 2. E. D. 

Coroll. (I.) If the Force of any attractive Body 
hatever be in the duplicate Proportion of the 
diſtances from the Center reciprocally ; all Bo- 
ies, at leaſt where the Directions of the Proje- 
ile Motions are not perpendicular to the 
adii, whatſoever Velocity of Motion alſo they 
nay have, will be mov'd in Ellipſes, one of 
hoſe Foci will be poſſeſs'd by the Central Body: 
nleſs the Velocity of the Projectile Motions be 
great, as to be able to turn the Ellipſis into 
re Mrabola's, or even Hyperbola's, 


Coroll. 
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Coroll. (2.) If a Body, according to the Law A Co 
the Centripetal Force here afligh'd, be movd iMatu! 
an Ellipſis about one of the Foci, the Periohe the 
Time of the Body, moving in the Ellipſis, will & ea 
to the Periodic Time of a Body mov'd in a Cird Habo 
the Radius whereof is in the Middle betwixt h 5c 
greateſt Diſtance and the leaſt, or equal to thei 
greater Semi- axis, in the Proportion of Equalii; Hen 
For ſince the whole abſolute Curvature of the 
Ellipſis is equal to the Curvature of the Circ, em 
and the Sum of the abſolute Velocities in equ ben 
Arches above and below the mean Diſtance, be te- 
cauſe of the equal Change of the Motion in u at. 
equal Arch, is always equal to the Velocity in ind 
mean Circle; it is manifeſt, that the CentripenlMc'1p 
Force is equal; and conſequently that the Peri 
odic Times are alſo equal one to another. Ot 
we will rather demonſtrate it thus: Let the (amt 
abſolute Velocity be ſuppoſed in the. mean Di. 
ſtance, which is in a Circle deſcrib'd with the 
ſame Semi-diameter; the Angle then, according cu 
to the Conic Properties, or Area deſcribed in the 
Circle, will be to the Angle orArea deſcrib'd at t Hk 
ſame time in the Ellipſis, as the greater Semi- au 
is to the leſſer ; and in the ſame Proportion allo 
according to the Conic Properties, is the entirs 
Area of the Circle to the entire Area of the Ee! 
lipſis. From whence, becauſe of an equabe Phe! 
Deſcription of Areas on both Sides, the Periodic 
Times alſo will be on both Sides equal. 

Coroll. (z.) Therefore the Periodic Times it"; * 
Ellipſes are between themſelves in the Seſquialts he! 
ral Proportion of the greater Axes, as well as il 
Circles. 

Coroll. (4.) Conſequently the greater Axis bein 
given, thers is given withal the Periodis Time. WD 


Cork 
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Coroll, (5. Seeing the Proportion of the Cur- 
ature and Celerity in a Parabola and Hyperbola 
the ſame, with reſpe& to the Focus; by the ſame 


Ie eaſon as before, a Body will be mov d in a Pa- 
ce abola and Hyperbola about the Focus. 
+ Scbolium. Having now diſpatch'd in a more 


aſy Method, the Demonſtrations of the funda- 
mental Propoſitions of Sir Iſaac Newton; I will 


ity, 
5 ake Liberty for a Concluſion , to adjoin another 
>, MD:monſtration of the laſt Propoſition, which is 
al": moſt Noble of all, and moſt of all accommo- 
he. ted to the Mundane Syſtem ; which Demon- 
ration comes more up to Geometrical Rigor, 
ind is that which I once tranſcrib'd from a Manu- 
eu cript of Sir Iſaac Newton's himſelf, 
en- 
Or 
me A Propoſition. 

* 
2 If 7 Body whatever be attracted towards the 
ing Focus of an Ellipſis, and if the Quantity and Pro- 
the portion of the Attraction be ſuch, that they 


ake the Body to revolve in the Elliptic Perime- 
er; the Attraction in the leaft Diſtance will be to 
he Attraction in the greateſt , both Diſtances be- 
ng taken at the greater Axis, as the Squares of 
he Diſtances of the Body in thoſe Points from 
he Focus of the Ellipſis reciprocally. 


Let (in Fig. 2. Plate 5.) AECD be an Ellip- 
in; A and C the Extremities of the greater Axis: F 
he Focus whither the centripetal Force tends; and 


AF E, CFD, thoſe Areas which a 

Body doth by Radii drawn to the Fo- Prop. 15- 
ing eus, deſcribe in an equal Space of A 
e ime. Now thoſe Areas are equal one to another, 


being proportional to equal Times; that — 
dne 
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; the Rectangles 1 AF K AE, un 
Scholium o 1 FC x DC, are equal to ev 
— Ele- other; that is on the Hypotheſz 
VI. 14. Ele- that the Arches AE and CD are u 
ments. ken ſo ſmall, that they may ſafch 
enough be reckon for Right Ling 
Therefore AE is to CD, as F C is to FA. I 
us now ſuppoſe the Right Lines A M and C Nu 
touch the Ellipſis in the Points A and C, and th 
little Lines E M and DN to be ſupplied in th 
Figures ] to be from the Points E and D perpen 
dicular to thoſe Tangents. Now becauſe the 
Curvature of Ellipſes (that is, if we conſider i 
in general, and in equal Arches with reſpe& u 
the Center of the ſame ) is equal at both Extre 
mities, theſe Perpendiculars EM and DN wil 
be betwixt themſelves, (Coroll. 4. Prop. 2.) as the 
Squares of the Arches A E and CD. EM there 
fore is to DN, as FC ſquare is to FA ſquare. Bu 
in the ſame time, in which the Body will fron 
the Force of Attraction deſcribe the Elliptic 


Arches A E and CD from A to E, and from CI pa 
D; the ſame without that Attraction would har a: 
deſcribed the Tangents AM and CN equa! toi! be 
thoſe Arches. The Forces of the AttraqioulW, th: 
therefore which draw the Body back from tl, ( 
Tangents to the Curve, to wit, from M to He 
and from N to D, are alſo betwixt themſelves . O, 


thoſe little Lines ME and ND ſubtending the 
Angles of Contact, which are deſcrib'd at the 
ſame time. The Attraction therefore at the Poi 
A is to the Attraction in the Point C, as the litt ipſis 
Line ME to the little Line ND; that is, by the 
Things already demonſtrated, as F C ſquare is u 
F A ſquare; or as the Squares of the Diſtance et, 


reciprocally. 2. E. D. 
nter: 
| Thi 
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This Demonſtration reſpects only the Extremi- 
es of Ellipſes ; thoſe which follow will apply 
e ſame Propoſition to any Parts of Elliples 
hatſoever. 

Lemma. If a right Line touch an Ellipſis in 
ny Point whatſoever, and if a Line be drawn 
rough the Centre of the Ellipſis parallel to the 
angent, which may interſe& a 3d Line drawn 
rough the Point of Contact and either of the 
dci; that Part of the 34 Line which is poſi- 
d betwixt the Contact, and the Interſection, 
il be equal to half the greater Axis. 

riff ict (Fig. 2. Plate 5.) APCQ be an El- 
dos: AC the greater Axis: O, the Center 
rr. ft the Foci; P the Point of Contact: O G 
e Line parallel to the Tangent; and P G that 
rt of the Line FP, which lies betwixt the 
ontact and the parallel to the Tangent. I ſay 
t P G is equal to C O, or to half the greater 
is 


ich For join the Points PF; and draw the Line 
ul parallel to OG. "Becauſe the Lines Ff and 
nan are biſected in the Points O and G, A C 
ue be equal to the Sum of the Lines PF and 
; , that is, to the Sum of the two Lines P F ang 


„(by the Conics) or to the double of the 
e PG. And therefore the half of A C, that 
O, is equal to PG. 2. E. D. 
inother Lemma. Any right Line whatever 
wn through either of the Foci of the Ellipſis 
the Periphery, is to the Diameter of the 
ipſis which is parallel to the ſame, as the 
. Diameter is to the greater Axis of the El- 
IS. 
Let APCQ (Fg. 2. Plate 5.) be an Ellip- 
AC the greater Axis: Ff the Foci: O the 
nter: P Qany Line drawn through the Focus F: 
M VOS 
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VOS the Diameter of the Ellipſis parallel 

PO. Here PQ. VS. AC, will be = Fr 
let f p be drawn parallel to QF, cutting th 
Perimeter of the Ellipſis in the Point p. 4 
oin the Points Pp by the Line Pp cutin 


S in the Point T. Then draw the Line P! 
which may touch the Ellipſis in the Point P, . 
cut the Diameter VS produced in the Point | rſt 
There will now be by the Conics OT: O 
OR =. But OT is half the Sum of FP A 
fp, or of FP and FQ: and conſequently O 
doubled is equal to PQ, Os alſo doubled f * 
equal to VS, and by the Lemma before demo ect 
ſtrated, OR, or PG doubled, is equal to A H 
Wherefore PQ: VS: AC are =. L. En 

Coroll. AC P Q=VSq=4 OSq.. ery 

Lemma. (3.) If the right Line FP be dame 
from either of the Foci of the Ellipſis to ue © 
Point in the Perimeter thereof: And to the Poi th. 
P the Tangent of the Ellipſis Px; and if d ſe 
little Line xy (See Fg. 3. Plate g.) ſubteaiﬀ'* | 
ing the Angle of Contact, parallel to the Lil dc 
PQ; the Rectangle of the ſubtending little Lin cut 
and of the ſame Line produc d to the remat LD 
Part of the Perimeter, is to the Rectangle of i 
greater Axis oi the Ellipſis, and of the firſt L Ha 

which was produc'd alſo to the Perimeter of G 
Ellipſis, as the Square of the Perpendicularl 1. 2 
ſtance betwixt tie ſubtending little Line, andi 5 
firſt Line is to the Square of the leſſer Axis. . 

For let AK b I. be an Ellipſis : AB the g 
er Axis: KL the leſſer: C the center: Fi Ml © 
Foci : P any Point deſign'd in 'the Perimett frefd 
FP the firſt Line drawn through the Focus; * | 
P: PQ the ſame Line produc'd unto the Elif orol, 
Px the Tangent: xy the little Line ſubtenl Ky 

Ui 


the Angle of Contact: xI the ſame ſubte 
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z the Perpendicular Diſtance of the Subtenſe and 
he firſt Line. Theſe things ſupposd, T fay 
hat the Rectangle yxI is to the Rectangle 
\BxP Q, as is y 2z Square to K L Square. For 
t VS a Diameter of the Ellipſis be parallel to the 
| Line, and GH another Diameter parallel to 
e Tangent S x, or the conjugate Diameter to 
e former Diameter. The Rectangle yxT will 
en, by the Conics,be to P x quare, or the Square 
f the Tangent, as the Reci:ngle SCV is to the 
ectangle G CH; that is, as SV Square is to 
H Square : Now, by the Conics, all Parallelo- 
ams deſcrib'd about the co jugate Diameters of 
ery Ellipſis are alſo equa! betwixt themſelves. 
om whence it followe, at the Rectangle of 
e double of PE drawn into G H will be equal 
the Rectangle of the Axes ABK L: And 
nſequently ( by VI. 14. of the Element:) GH 
to KL as A B, that is, by the firſt Lemma, as 
e double of P D is to the double of PE; or, 
cauſe of the likeneſs of the Triangles yzP and 
ED (when the Point y coincides with the 
int P) as Px is to yz. Therefore Px is to 
Has yz to KL: And conſequently Px Square 
o G H Square, as y Z Square is to K L Square, 


oY | 22: of the Elements ). But by what hath 

18 already afſumd, Px Square is to GH 
2 are, as the Rectangle yxI to SV Square : 
* 8 d SV Square (by the Corollary of the 2d 


ma ) is equal to the Rectangle of AC xP Q. 


ab erefore the Rectangle yx is to the Rectangle 
1 x PQ, as yz Square is KLq E. D. 
rü. C1) If y 2 be given, and conſequently 

Square, y x Square will alſo be given, and 
rend ' : 


dequently y x ic ſelf: That is, if the leaſt 
pendicular Diſtance of a Point taken in the 
M 2 Elliptic 


xroduc'd to the Remoter part of the Perimeter : 


— 
— 
2 — — — — — _ - - — _ 
—_— ** . * -—- > * 1 = \ 
- —_— l = G is ON \ 
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Elliptic Perimeter from the Line drawn through 
the Focus, be given in divers Diſtances from tha 
Focus whatſoever ; there will alſo be given th 
vaniſhing little Line,ſubtending in the ſame Play 
the Angle of Contact. For by what hath bee 
juſt now demonſtrated, ſince y z is given by the 
Hypotheſis, and K L is alſo given; and ſing, 
as the Rectangle yx xxlI is to the Rectang 
AC x PQ, ſo is yz ſquare to KL ſquare : It will, 
ſo be, the Line xI ending at laſt in the Line p 
as yxXPQ is to ACxPQ, ſo is yz ſquare 1 
KLq: But as yx * P Q is to AC xP Q, (VI. 
Elan Ji is yx to AC. Therefore, as y x is to A 
ſo is y z ſquare to K L ſquare ; and by invertin 
as KL ſquare is to yz ſquare, ſo is AC 
y x; ſince therefore the reſt of the Things an 
given, the Subtenſe y x will alſo be given. CE 
Coroll. (2.) I may alſo in this Place inf 
that the Curvature of an Ellipſis with reſped 
the Focus is every where in the Proportion 
the Diſtance from the Focus directly. For ſince y 
the vaniſhing Subtenſe of the Angle of Conti 
in a given Perpendicular Diſtance, in all Diſtand 
from the Focus is the ſame; y x in Diſtances pt 
portional to the Radius FP at equal Angles, wi 
be (by Coroll. 4. Prop. 2.) in the duplicate Prop 
tion of the Radii. From which duplicated Pn 
portion, there being taken away, as it ought to! 
the Proportion of the Radius, the Proportion 
the Curvature in divers Diſtances will be leſt ;t 
ſame, to wit, with the direct Proportion oft 
Radii. Although therefore the Curvature of 
vers Circles in the ſame Angles, is with reſpet 
the Center every where equal; yet in Ellipſes,! 
the contrary, it is continually changed in din 
Diſtances from the Focus, and in a greater! 
{tance becomes greater, in a leſſer Difſanc: | 


0 dete 
es in 
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wb 2nd this in the Proportion of the Increaſe or 
tha Dimunition of the Diſtance; as we noted 
tte before. 

lac Coroll. (3.) To conclude, we may transfer both 
der che foregoing Corollaries to a Parabola and Hy- 
 teMWperbola : For what Things have been once de- 
inc, WMmonſtrated of an Ellipſis, are to be underſtood 
to agree to a Parabola alſo; becauſe of the Co- 
incidence of Ellipſes infinitely long with Para- 
bola's : And then the Affections of Ellipſes and 
Parabola's, becauſe of the mutual Agreement of 
all Conic Sections, are to be applied to Hyper- 
bola's, changing thoſe Things which the na- 
ture of the Line requires to be changed. Where- 
fore I may now aſſert, that the vaniſhing 
Cubtenſe of the Angle of Contact at all equal 
Perpendicular Diſtances from the Radius, is in 
very Conic Section always equal to it ſelf ; 
and that the Curvature conſequently in equal 
\ngles is in the dire& Proportion of the Di- 
ſtances. 


Feb. 5. 1704. 


CCECECETECCECCECECE:CECCCT 
. AS 


8 By almoſt the ſame Reaſoning 
1 - whichSirl/. Newton made uſe of for find- 
peu 255 ing out the Proportions of the vaniſh- 
ſe, 2 ing Subtenſes with reſpect to the Fo- 
di cus of the Ellipſis; I may undertaxe 


0 determine the Proportions of the ſame Subten- 
es in Ellipſes with reſpet to the Center, 
M 3 by 
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by what he hath demonſtrate 
vix. that y 2 ſquare,drawn into 80 
ſquare, ( Fig. 4. Plate 5.) and 
then applied to the Line yx; is equal to the doy. 
ble of K C ſquare drawn into CB ſquare, and 
then applied co the Line SC; oryzqxSC cube 
—2KCqxCBqxyx.lt therefore z be given, 
ant conſequently zy ſquare, becauſe of th; 
Solid 2K Cqx CBq which is alſo given; yr 
will be every where as S C cube, or in the tripli 
cate Proportion of the Diſtance directly. If there 
fore zy be taken, as it ought to be; becauſe 
the Subtenſe of {i Angle of Contact, is in 
the duplicate Proportion of the Arch, the Sub. 
tenſe y x will be in the qQuintuplicate Proportion 
of the Diſtance ; or the Proportion of the Di. 
ſtance being Subducted, the Curvature it ſelf wil 
ſtill be in a quadruplicate Proportion of the Di. 
ſtance directly; or as the biquadrate of the Di 
ſtance directly. | | 

Another Propoſition. Tf a Body be drawn to one d 
the Foci of an Ellipſis, and from that attraction #- 
volve in the Ellip:ic Perimeter, the Forces of the 
attraction will be every where, as the Squares o 
the Diſtances from the ſame Focus directly. 

For (in Fig. 4. Plate 5.) Let P be the Place 
of a Body revolving in an Ellipſis at any Moment 
of Time, and PX the Tangent of the Elliph 
in that Point; along which Tangent the Body 
would go forward with an uniform Motion, it 
it were affected with no attraction : Let the Point 
X be the Place whither the Body would reach 
in a given very ſmall Space of Time; an 
let Y be the Place in the Perimeter of the 
Ellipls, whither it doth from both Force 
actually reach in the given Time: Let th 
Time be divided into very ſmall qual * 

| | » that 


Princ. Mathe. 
Book 1. Pr. 10. 
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ed, chat they may be accounted Phyſical Moments 
$( or Points: Let the attraction now act not con- 
and tinuedly, but by Intervals, but thoſe very little 
lou. ones; once to wit, in the beginning of every 


and WMPhyſical Moment; fo that the firſt Force of the 
-ube Attraction may Act at the Point P; the 2d at 
ven, ; and ſo at equal Intervals perpetually: So 
the that the Body may be mov'd along the Chord 


of the Arch PX, and then along the Chord of 
he following - Arch, and ſo on. Now becauſe 
he attraction in the Point P is directed towards 
he Point E, and draws down the Body from the 
angent PX unto the Chord PX; the little 
Line X Y produc'd by that Force of the attraction 


tion Ein P will be proportional to that Force, and paral- 
Di- Wc! to its Direction, that is to the Line PF. Pro- 
wil Wuce the Lines X Y and P F unto the Elliptic 
Di. {WP crimeter in I and Q; join the Points F, X: 


and let X Z be let down Perpendicular to FP. 
Fig. 4. Plate 5.) Let AB be the greater Axis of 
he Ellipſis, and KL the leſſer. And by Lemma 
he 2d, the Rectangle Y X I will be to the Rect- 
ngle ABXPQ, as is XZ ſquare to KL ſquare, 
and conſequently the Line Y X will be equal to 
he Solid of ABxPQxYZq, applied to the 
old XIX KLq. In the ſame manner, if py 
de the Chord of another Elliptic Arch, which 


ipls Nhe Body deſcribes in the given Phyſical Moment 
odr Time equal to the former; and px the Tan- 
„ent of the Ellipſis in the Point P; and xy the 
oint ubtenſe of the vaniſhing Angle of Contact pa- 
ach all to the Line pF; and if xy and pF 
and gat the Perimeter of the Ellipſis in q and i; 
the et y 2 from the Point y be let down perpendicu- 


ar to pF; the Subtenſe y x will by the former 
keaſon be equal to the Solid made of AB into 
q * ſquared, applied to the Solid made of 
that M 4 xi 


— CC ſ——-— — 


— : ð „ 7èé 
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xi x KL ſquared ; that is, becauſe A B and KI 


are given and ſtanding Quantities, as _ YZ 1 
ſquar d to EL yz ſquared. But becauſe the E 
00 


Lines PV, py, are deſcribed by a revolving Body 
in equal Times, the Areas deſcribed, or Triangle 
PYF, py FE are equal: And the Rectangles pf 
VZ, and pFxyz are double thoſe Triangles the 
are equal: And YZistoyz, as p F to PFE; aon 


PQ . pq el 
conſequently JT Y Z ſquared,is to K 1 Yzlqurh — 
as Su p F ſquared is to 23, F ſquared. 5 : 
1 Xi N 

Therefore, as X X is to yx, ſo is 2. ent 

| | XI he F 

ſquared to pF {quared; that is, the Attraction ng 
in P is to the Attraction in p, as 2 F ſquar — 
le ＋ 

is to E PF ſquared. Now, ſuppoſe the Tine ut t! 
taken infinitely ſmall to be equal, in which a Bod 75 
deſcribes the Subtenſes P Y and py ; ſo that the erte 
Attraction may be continued, and the Body ha] 
volv'd in the Perimeter of the Ellipſis: beer 


In this Caſe the Lines PQ and XI coincide; 
but pq and xi have been already ſuppoſed equi 


therefore the Quantities PF ſquared, and 


P F ſquared, become p F ſquared and P F ſqu 
red. Therefore the Attraction in P, or the Li 
XY, will be to the Attraction in p, or the Lin 
xy, as p F ſquared is to PF ſquared ; or recipt 
cally, as the Squares of the Diſtances from ti 
Focus. £. E. D. Ant 
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And the ſame Propoſition may be applied to 
ne Parabola, as the Extreme of Ellipſes, and al- 
3 to the Hyperbola: But ſince there are no Cœ- 
eſtial Bodies that we know of, that are carried 
bout in Hyperbola's ; I ſhall not ſearch out for 
particular Demonſtration of them. | 
XXII. The Velocity of a Body moving in 2 
parabola about a Body placed in the Focus, the 
orce whereof is in the reciprocal duplicate Pro- 
xortion of the Diſtances, is every wherę to the 
elocity of a Body revolving in a Circle in the 
ame time, in the ſubduplicate Proportion of the 
ſumber, Two to Unity; or as the Diagonal of 
Square to its Side; that is, as ro to 7 nearly. 

For, ſince the Diſtance of a Body from the 
entral Body was ſuppoſed every where the ſame, 
he Force of Attraction, or Line ſubtending any 
ngle of Contact, will be always equal in any 
iven Space of Time: And the Velocity in 2 
arabola will be to the Velocity in the Circle, as the 
angent of the Parabola to theTangent of the Cir- 
le; to wit, where the Subtenſe is every where equal. 
ut the leaſt Tangent in theParabola,by theConics, 
equal to the ſquare Root of the Rectangle of 
e Subtenſe drawn into the Latus Rectum of that 
ertex. And the leaſt Tangent in the Circle is 
qual to the ſquare Root of the Rectangle of the 
btenſe drawn into the Diameter 

| the Circle. But becauſe both III. 36. Elem. 
btenſes are given, and the Latus 

ectum of the Vertex of the Parabola is, by the 
onics,double to the Diameter of the Circle ; or as 
o to one: The firſt Rectangle will be double to 
e laſt, oras 2 to x ; from whence the Tangents 
ſquare Roots will be among themſelves, as the 
ure Root of the Number two to one, or as the 


Diagonal 
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Diagonal of a ſquare to its Side; that is as tent» Vel. 
ſeven nearly. .9. E. D. 

Coroll. (x.) Since therefore the Velocity in | 
Parabola is to the Velocity in a Circle, at the 
ſame Diſtance from the Focus, in a given Proper. 
tion; to wit, as V.2 to x. And ſince the Velo. 
City in divers Circles is in the ſubduplicate reci. 
procal Proportion of their Radii, the Velocity 
a Body deſcribing a Parabola at divers Diſtance 
from the Focus will alſo be in the ſubduplicat 
reciprocal Proportion of the Diſtances. 

Coroll. (2.) The Velocity of a Body revolving 
in an Ellipſis, is leſs than in a Parabola ; and i 
an Hyperbola, greater at the ſame Diſtance fron 
the Focus: From whence the Velocity in an E- 
lipſis, will be to the Velocity in a Circle in a |; 
Proportion than Y.2 to 1; and in an Hyperbolz 
in 2 greater at the ſame Diſtance from the Focus 

Coroll. (3.) Therefore the Velocity of a Body, 
at any Diſtance from the Focus, being known, 
the Figure of its Trajectory may be alſo known; 
to wit, whether it be a Circle, Ellipſis, Parabolz 
or Hyperbola: And from a more accurate Cab 
lus, if it be an Ellipſis, or Hyperbola, what Spe 
cies of thoſe Figures it is that a revolving Body 
ought to deſcribe. | | 

Coroll. (4.) It follows from what was juſt nol 
demonſtrated, that if any Body be moved 2 
cording to any right Line whatever (unleſs it tend 
directly to the Focus) with any Velocity, and 
acted upon at the ſame time by a Centripetal Ford 
reciprocally proportional to the ſquare of the L 

ſtances from the Center; the Body will be m 
ved in one of the Conic Sections, having the Fo 
in the Center of Forces: To wit, if theLine,accor 
ing to which the Projectile Motion of the Bod 


tends, be perpendicular to the Radius, 11 
Ele 
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elocity equipollent to the Attraction; that is, if 
he Velocity in any given very ſmall Space of 
Time, be equal to the ſquare Root made of the 
ubtenſe of the Angle of Contact of that Circle 
r2wn into its Diameter, that Body will be mo- 
ed in a Circle. But if the Velocity be equipol- 
nt to the Attraction, and the Line of Direction 
blique to the Radius, the Body will be moved 
1 an Ellipſis, the periodic Time whereof wou'd 
> equal to the periodic Time of the Circle in 
hich it will move. But if the Velocity be 
eater or leſs than the Velocity before afligned , 
nevertheleſs where it is greater, that it be not 
creaſed above the Proportion ' of the ſquare 
oot of the Number Two to Unity, that Bod 
ill be moved in an Ellipſis, in the firſt Caſe 
ol Wheater, and in the laſt leſſer than the Circle. But 
the Velocity be to the Velocity in the Circle, 
the ſquare Root of 2 to r, the Body will be 
pvd in a Parabola. If, laſtly, the Velocity be 
ater, the Body will be mov'd in an Hyperbola. 
XXIII. Problem. The Centripetal Force being 
iprocally proportional to the ſquare of the 
ſtance from the Center, to define the Times in 
ich Bodies in falling ſtrait down wou'd reach 
> Center. (See Fig. 5. Plate 5.) 

pon the ſame principal Axis or tranſverſe Di- 
eter, AB, let there be deſcribed the Extreme 
iples; to wit, the Circle ADB, and the 
pht Line AB; from the Equality of theſe 
anſverſe Diameters, the Periodic Times will 
equal on both Sides; and conſequently the 
es of the half Revolutions will be equal to 
another. (Coroll. 4. Prop. 21.) That is, the 
e of Deſcent by the Diameter, is equal to the 
e of Revolution along the Semi-circumfe- 
ce, Since therefore by what hath been de- 
mon- 
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monſtrated before, it is eaſy to determine thy 
Time of the half Revolution, it wilPalſo be «þ 
to define the Time of the direct Deſcent. Ag f 
Example: The Time of the Lunar Half-perig 
contains 1967115 Minutes; where, to wit, the 
Diameter of the Orbit is double to the mean I) 
ſtance from the Center of the Earth. And thi 
Time is to the Time of the Half-period for hi 
the Diſtance, which is the thing we now enquin 
for, in the ſequi-alteral Proportion of the Difta 
ces; that is, almoſt as 2828 is to 1000, ort 
19671] F is to 695517. From whence the Tim 
of the Half-period, in half the Diſtance (ori 
caſe the Diameter of the Orbit was but half 
what it is,) that is, the Time of the direct Fall. 
the Center of the Earth of a Body placed att 
Diſtance from the Earth in which the Moon 
really placed, will contain 6955|[ 5 Minutes; 
4 Days, 19 Hours, 55', 30“. In this Space 
Time would the Moon, if the Motion there 
was ſtopp'd, and the Earth remain'd unmoveabl 
fall to the Center of the Earth. And by the fan 
Reaſoning, the Time of the Fall of any Plan 
may eaſily be determined, as is actually done 
the following Scbolium. 

Scholium. Since therefore the Time of d 
Half-period of every Planet diminiſh'd in t 
Proportion of 1ooo to 2828, is the Time of t 
direct Fall to the Center, the following Tabl 
which is built upon that Foundation, will ſhe 
the Times of the Fall of all the Planets to tht 


reſpective Centers. 


PAL. SP. ß 


2 =) =) =) 2 


Feb, 


ah 

— Day. Hours. 

* 3 / IF : 13 

7 enus # 

1 Di | would fall to Y 39 + 77 

| thi The Earth the Sun in the 64 : 14 
h _ Space of I2I ; IL 

* Jupiter P 767 : 2 

* Saturn 1900 4 
or 

Ting 

a: Of the Planets about Jupiter: 

lf | 

all 1 The inmoſt 00 : 5 

i ‚ The Second Jet = 2 do: - 

550 The Fourth PP 2 3 23 

ce 

eret 2 

abl Of the Planets about Saturn. 

I 2m Inmoſt 0 
e Second © 2 22 

"WM The Third Peand fall to o 19 

be Fourth — 28 | 

The Fifth 14: 1 


he Moon, as above, would fall to the Earth in 
e Space of 4 Days, 20 Hours. 


Feb. 19. 170% 
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XXIV. CIS Problem. Suppoſing that 
0 


Centripetal Force is recipr 
* 4 cally proportional to the ſquan 
SCI: of the Diſtance, to define th 
SpaceswhichBodiesfallingriph 
downwards would deſcribe in any given Time. 
If the Body doth not fall perpendicularly, i 
will deſcribe ſome Conic Section, the nethe 
Focus whereof (becauſe of the Deſcent of apr, 
jectile Motion which is here ſuppos'd) will agre 
with the Center of Force, as is manifeſt fron 
what goes before, Prop. 21. Let that Conic 
ction (ſee Fig. 5. Plate 5.) be the Ellipſis ARBP 
where the Velocity of the Projection i; t 
the Velocity wherewith the Body would 
volve in a Circle at the ſame Diſtance, in a le 
Proportion than 1s the ſquare Root of the Nun 
ber Two to Unity, (Coroll. 2. Prop. 22.) Let Sh 
the nether Focus of the Ellipſs, and upon ti 
greater Axis of the Ellipſis AB, let there bed 
{crib'd a Semi-circle AD B. And the right Lin 
DP C being ſuppos d to paſs through the fallin 
Body perpendicular to the Axis;and the Lines D 
and PS being drawn to the'Center, the Area Adl 
will be proportional to the Area ASP, and col 
ſequently to the Time. For (by VI. r. Element 
as CD is to CP, lo is the Area of the Triangt 
SCD to the Area of the Triangle S CP. An 
according to the Conics, as the ſame CD is to ti 
fame CP, ſo is the Circular Area CAD 11 | 
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liptic Area CAP ; and conſequently A SD the 
um of the former Areas, will be to ASP the 
um of the latter, as C D to CP, (V. 12. of the 
ments; ) or as the greater Axis of the Ellipſis 
) the leſſer Axis of the ſame ; and conſequently 
the given Proportion, or proportional to the 
ime. Now AB the greater Axis of the Ellip- 
or Diameter of the Circle remaining, let the 
atitude or leſſer Axis of the Ellipſis be perpetu- 
ly (diminiſh'd; here, by the Force of what 
ath been already demonſtrated, AS D will ſtill 
main proportional to the Time. Yea, let the 
atitude be diminiſh'd infinitely, ſo that the El- 
"tic Orb AP B may at length coincide with the 
xis AB: and the Focus S with B the Term of 
e Axis: the Body will deſcend in the right Line 
C: and the Area ABD will become in this 
aſe alſo proportional to the Time. From whence, 
a right Line perpendicular to the Axis as C D, 
> ſuppos'd to be mov d downwards always paral- 
to it ſelf, ſo that the Area A BD ſhould be 
ery where proportional to the Time, the Point 
will determine the Place, unto which the Body 
ould reach that falls downwards to the Center 
the ſame given Time. 
As for Example. Let A B the mean Diſtance 
the Moon from the Center of the Earth, be 
before about 1257 696 ooo feet; it is required 
at we ſhuuld determine the Place of the Moon 
ling ſtraight down, in the firſt Day of the Fall. 
is known from whar hach been already demon- 
ated, (Corol. Prop. 2) that if the Motion of 
e Moon ſhould ceaſe, ir would fall about 16[x. 
glih Feet in che Space of one Minute. From 
hence (by Coroll. of Prop. 5. Select Prop. out of 
chimedes,) the Circular Areca ABD will be of 
out 89 483 812 704 ooo ſquare Feet, |. as — 
eg 


© IE oe ere 5 
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equal to the Rectangle of cd drawn in 
the half of AB. From whence, ſeeing there xr 
1440 Minutes in a whole Day, the Circular Ar 
ABD belonging to the whole Day will he 
about 128856690293760000 ſquare Feet; Me. 
the given Time is one whole Day, or 1440, | 
therefore we can define the Point D, ſo that th 
Area ABD ſhould be of 1288566902937% 
ooo ſquare Feet, the Sine of the Arch AD, thi 
is, CD will determine the Line A C which 
deſcrib'd in that Time, as being the verſed Sin 
of the ſame Arch. But that Area is equal to th 
Rectangles zCDXOB, and: ADx OB, ort 


the Rectangle: C DRI ADK OB. If the 
fore the given Area be divided by the Semi- di: 
ter OB, the Quotient will give the half of CD u 
OB. From the Table of Sines therefore tha 
Arch is to be ſought, the half of which bein 
ſuperadded to the half of its own Sine, will yiel 
that Quotient. But that Quotient is by Calcu 
tion of 204909 120 Feet; or by reducing it to 
Circle, whoſe Radius is of 10000000, will cat 
tain 3258484 of thoſe Parts, And if in d 
Tables of Sines, we look for the Sine of 19 D. 
grees and almoſt 5x Minutes, the Sine of ot 
Minute multiplied by 11302909 x 1130, V 
give 3287170 Parts, as belonging to t 
Arch AD, which is of 18 Degrees and 50 tl 
Sine of which Arch is of 3228 165 Parts; 

that the Sum of both will be of 6515335"; t 
half whereof is 3257667, which agrees wi 
the firſt Number 3258484 exactly enough. Ti 
Line CD therefore is the Sine of 18* 50, a 
the Line deſcrib'd in that Space of Time is tl 
verſed Sine thereof, which is 535382 Parts lon 
that is, by reducing it to the Semi-diameter of ti 
Moon's Orbit 33667390 Feet long, = 


lt: t 
B y 
_— 


—_ ——— — —— — 
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ing. Miles and 2,110 Feet. And in the fame 
anner it will be deftn'd, in what time the Moon 
ould deſcend to the very Center of the Earth. 
ut becauſe we have deduced that before by ano- 
er and more eaſy way of Computation, we 
all not proſecute it any further here. | 
Coroll, If the Figure RP B be not an Ellipſis, 


ran Hyperbola or Parabola, the thing will be 
thahpatch d in the ſame manner by a Rectangular 
chi perbola, or any Parabola; but by reaſon of 
welt Difficulty of the Practice, and that it is not 


eſſary, we ſhall paſs it by here. 

oroll, (2.) The Times wherein any Bodies 
uld fall to the Center from divers Diſtances, 
berwixt themſelves in the Seſqui-alteral Pro- 
tion of thoſe Diſtances directly. For the 
e Ac, that in a given Time is produc'd at 
rs Diſtances, is reciprocally in the duplicate 
portion of theſe Diſtances. From whence cd 
leaſt Sine, will be in the ſubſeſquiplicate Pro- 
tion of the Diſtance reciprocally.; and the 
a cd AB deſcrib'd at the ſame time, in 
n tl fub-duplicate Proportion of the Diſtance di- 


o Daly. From whence ,: ſince the entire ſemi-cir- 
for Area ADB is in the duplicate Proportion 
wit" Diſtance directly, the Time proportional 


e ſame will be in the ſeſquiplicate Proportion 
he Diſtance directly. 2. E. D. | 
5 for Example. Let another A B be double 
his AB; then the vaniſhing Subrenſe of the 
le of Contact, or the little Line Ac, will be 
a 4th Part of the other Ac: And the Sine 
vill be ſub-ſeſquiplicate of c d, or as the Side 
15 be Square to the Diameter; that is, 7 to 10 
dit: the Area alſo ; cd AB will be toi cd 
ny B well-nigh, as 2K 7 = 14 is. to x 10 
t o. From whence; the Area deſcribed. in the 
N greater 


| 
| 
| 
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greater Diſtance will be to the Area in the le 
but which is deſcribed in the ſame time, nen 
as 14 to 10, or as the Diameter in a Square bt 
the Side. But the entire Area to be deſcribed! 
the greater Line AD in the Deſcent, is tod 
Area to be deſcribed by the leſſer Line BD in 
Deſcent, as 4 to 1, or 40 to 10. Therefore d 
Time of the Deſcent in the greater Diſtance, u 
be to that in the leſſer, in that Proportion 
which the Ratio of 40 to 10 exceeds that of! 
to 10. But the Proportion of that Exceſs is 
ſame as that of 40 to 14, or as the Diameter d 
Square is to the Quadruple of the Side. Fn 


whence the Lines are betwixt themfelves , at - 
Diameter of a ſquare is to the Quadruple oft '*, 


Side; that is, in the ſeſqui-alteral Proportion 
the Diſtances directly. 2. E. DP). 

Coroll. (3.) If therefore we ſuppoſe any. 
of the primary Planets, as alſo of the Secon 
ries of Saturn and Fupiter, to fall to that Cente 
its Orbit, and have the Times of that Deſcent 
ready defin'd and computed ; it will be eaſy 
the known Diſtances of the reſt, to define 
Times alſo of their Deſcent ; which thing 
have perform'd before upon another Ground, 
therefore fhall not repeat it again. 

Coroll. (4.) Since therefore the Velocity i 
Ellipſis in a mean Diſtance from the Focus; 
is, the Velocity of a Body falling to O, the 
ter of anEllipſis when it ends in a right Line, is 
to the equable Velocity of a Body revolved! 


Circle, the Radius whereof is BO; it ist "Sy 
feſt, that the Velocity of a Body falling in 0, of + 
very middle of the Space, is equal to the Vel * 

of a Body revolved in a Circle at the ſame T's 
ſtance. . From whence. it alſo follows, tha * 


Velocity of a Body falling at a remoter Dil 
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leſs than the circular Velocity, and at a nearer 

tance greater. 
XXV. A Problem. If the Centripetal Force be 
oportional to the Altitude, or the Diſtance of 
xces from the Center directly, to define the 
mes in which Bodies falling down will deſcribe 

y given Spaces. 
If the Body doth not fall perpendicularly, it 
| deſcribe ſome Conic Section, the Center 
gereof will agree with the Center of Force, as 
ears from what hath been already ſaid, Prop. 19. 
(Fig. 6. Plate 5.) the Conic Section be 
Ellipſis ARP B: Let O be the Center chere- 
and upon A B the greater Axis of the Ellip- 
let there de deſcribed the Semi-circle ABND, 
let the right Line DP C pals through the fal- 
Body perpendicular to the Axis. Which 
ge, and the Line DO and P O being drawn to 
Center, the Area AO D will, by the Conics, 
proportional to the Area A OP, and conſe- 
ntly to the Time. For, as before (by VI. x 
ents) as CD is to CP, ſo is the Area of the 
angle OCD to the Area of the Triangle 
P. And alſo, by the Conics, as the ſame CD 
the ſame CP, ſo is the circular Area C AD 
he Elliptic Area CAP; and conſequently, 
Sum of the former Areas AO D will be (V. 
lements) to AO the Sum of the latter Areas, 
D is to CP; or, by the Conics, as the great- 
xis of the Ellipſis is to the leſſer Axis of the 
; and conſequently in a Proportion given, 
portional ta the Time. Now A B the greateſt 
of the Ellipſis or Diameter of the Circle re- 
ing, let the Breadth of the Ellipſis, or its 
Axis, be continually diminiſh'd ; and by 
orce of what hath been already demonſtra- 
the Area A O D will remain proportional to 
N 2 the 


180 Mathematical Philoſophy. 
the Time. And let that Breadth be dimini 


infinitely ; ſo that the Elliptic Orb A R BP nl! 
now fall in with the Axis, the Body will deſœn el. 
in the right Line A C, and the Area A O DW 
in this Cafe alſo be proportional to the Tuc 
From whence, if a right Line perpendiculu Wm 
the Axis, as C D, be ſuppos'd to be mov'd ah u 
downwards parallel to it ſelf, ſo that AO in 
may be every where proportional to the Ts, 
the Point C will determine the Place unto iet 
the Body in falling down will reach in the gi E. 


Time. | 

Coroll. (x.) Becauſe of the Equality of t 
circular Area that is every where to be deſcrik 
in equal Time about the Center of the Circ 
the Motion of the Point D will always be eg 
ble, and will deſcribe equal Arches in a gin 
Time. | 

Coroll, (2.) The Times therefore of Bol 
falling and deſcribing what Spaces ſoever, as Al 
are betwixt themſelves as the Arches themſdyWne 
AD; and the Spaces deſcribed A C, are ast 
verſed Sines of thoſe Arches. | 

Coroll. (z.) But the Velocities produced in: 
Places whatever, as in C, are as the right di 
of the Arches AD. For let the Line cd 
drawn parallel to CD, at a Diſtance infinit 
ſmall, and let d D the Tangent of the Circle 
drawn. Whilſt therefore the Point D delſcr 
the Tangent d D, the falling Body deſcribes 
little Line c C equal to de ; and becauſe of 
given Velocity of the Poifit D, d D will allo 
given in length for the given Time. In the! 
angle therefore de D, d D the Radius of 


re, 

choli, 
de of 
14. 
evol 
ance 
i- alt 
wit 
tal ] 
jon 0 
ſtrate 


Circle will be given, and de the right Sine ram: 
the Angle d De. And becauſe of the Like x4 
U les 


of the Triangles deD, COD, the Radiv 
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at Place will be OD, and the Line CD the 
cht Sine of the Angle AO D; Therefore the 
elocity in all Points whatever, as C, is as the 
cht Sine of the Arch AD. 2. E. D. 

Coroll, (4.) The Times in which Bodies fall 
m any Places whatever to the Center, are always 
ual. For ſince, by the Hypotheſis, the accele- 
ing Force, and conſequently the Velocity ari- 
g, is as the Line to be deſcrib'd ; it is manifeſt, 
i: the Times of Deſcent are every where equal. 
E. 

roll, (F.) Since, by what hath been demon- 
ated before, ( Corol. 3. Prop. 19.) the periodic 
ges of all Bodies revolving abeut the Center 
Ellipſes are equal, the Quarters alſo of the 
jodic Times A BP V will be equal. And ſince 
is true in all Ellipſes whatever, it will be true 
in the Extremes of Ellipſes on this fide, and 
that; to wit, in the right Line AO, and the 
adrantal Arch A N; that is, the Times where- 
dne Body in falling comes from any Place 
never, as A unto O, and another in revolving 
ribes a Quadrantal Arch, will be equal every 
re. 2. B. D. 

cholium (1.) Since therefore the periodic 
ic of the Moon about the Earth, is (per Schol. 
14.) to the periodic Time of any other Bo- 
evolving about the Center of the Earth at the 
ance of a Semi-diameter of the Earth, in the 
-alteral Proportion of the Diſtances; and 
> within the Surface of the Earth, the Cen- 
tal Force is every where in the direct Pro- 
jon of the Diſtance, as will hereafter be de- 
ſtrated ; It will not be unpleaſant to produce 
xample of the-foregoing Reaſoning: and to 
by Calculation, in what Space of Tine hea- 
bodies would deſcend to the Center, down 
N 3 ſome 
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ſome empty Hole or Pit which reaches thiths 
For the finding therefore, according to what hy 
been already demonſtrated, the Quarter of 8 
periodic Time at the Surface of the Earth. 
being the Time of the Deſcent of Body 
from the Surface to the Center of the Fant 
Let it be made thus; as is the Cube of the Mod 
Diſtance, 60 x 60 * 60 = 216000, to the Cy 
of the Semi- diameter of the Earth IX IXI 
ſo is the ſquare of the Moon's Period 39343; 
2343" =1 547 871 649 to the ſquare of the Per 
in the Surface of the Earth = 7 166; o7, t 
ſquare Root whereof 8416 will yield the Min 
in Time, in which a Body or Planet at the! 
ſtance of the Semi-diameter of the Earth | 
the Center would perform its whole Period ab 
it. The Quarter of which Number 21115, 
ſhew the Space of Time in Minutes, in which 
heavy Bodies whatever would fall thro? the! 
mi-diameter of the Earth to the Center of 
ſame. And ſince in all Diſtances whatever, 
Time of falling is the ſame, as hath been alm 
ſhew'd, (Coroll. 4. foregoing ); it is manifeſt, 
all Bodies would deſcend, and fall from any! 
to the Center in 21 Minutes, and 15 Secon 

Schol. (2.) But if the Time of the Fall thro 
any given Space whatever be requir'd to be 
without the Uſe of Algebra; as for Example, 
a 4th Part of the Semi-diameter; ſeek in the Til 
of Sines, what Angle that is, the verſed 
whereof is a 4th Part of the whole right Sine: 
wit, the Arch A D which is of 41* 25". F 
whence the "Time of the Fall (ſee Fig. 6. Plus 
along AC, the 4th Part of the Semi-diam 
will be to the Time of the whole Fall to the 
ter, as the Arch AD is to the Quadrantal 1 
AN, (Corol. 2 foregoing ) or as 417 25' ist0 


2 
5 


Hy. 


* 1 


T. Gnas [culp £ 
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nd ſince 90: 41 25': :: 2 115 horary Minutes: 
197 or 9' 58“: It is manifeſt, that any Body 

-hatever would fall down a 4th Part of the Semi- 

iameter of the Earth in 9 Minutes, and 58 Se- 

nds. And that the Velocity in the Point C is 

the greateſt Velocity, or that which would be 

the Center it ſelf, in the Proportion of the 

ight Sine CD to the whole Sine ON, ( Corel. 
foregoing) or as 66153 is to* T00000, as is moſt 

anifeſt from what hath been juſt now demon- 

rated. 12 


April 7. 1705, 5 iS 
Dr 
LI r. XVIL LEY | 


XVI. CI Problem, A Body being car- 
oS A © 


ried about a Focus in a given 
wh parabolic Trajectory, to find 
SCI FE: the Time in which a given 
Arch has been or will be de- 

rib'd; whether in the Aſcent or Deſcent. 
Let F ( in Fig. 1. Plate 6.) be the Focus of the 
gure, T the principal Vertex, TI or Ts the 
en Arch deſcrib'd, or to be deſcribd: Tt or 
q the Abſciſs of the ſame Arch, which is alſo 
ven, the Arch being given: tl or qs the Semi- 


dinate, which alſo is given, the Arch being gi- 
n. The Time wherein the Arch Tl or Ts is | 
| 
| 


(cribed, is requir'd : The Parabola being given, 
e Latus Rectum of the ſame, and conſequent- 

TF the Fourth Part thereof is given. From 
e Centriperal Force of the Central Body, there 


N 4 is 
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| is alſo given the Velocity of the Body at the pi det 
1 cipal Vertex; or that which (by Prop. 22. fon. Th 
going) is to the Velocity of a Body deſcribing1Wl= 
Circle, the Radius whereof is T FE, as the ſqum Co 
| | Root of the Number Two is to Unity. Fron loc 
| whence alſo there will be given the leaſt Area u But 
| be deſcrib'd by the Radius IT F in any the leu ces 
| Time which is given. But the Area FTI or FT; Hand 
is equal to two thirds of the Rectangle t x tithe 
or Tqx qs. To which, if there be added th be 
Triangle Ft l in the former Caſe, and in the lu 
ter the Triangle Fqs be taken away from the 
| ſame, there will alſo be given the Area F tl em 
| Frs; which being divided by the leaſt Area nd 
| ſcribed at the Vertex T, in any very ſmall Tim he 
given, will give the Time ſought,  _ her 
| As for Example. Let the Parabola given ECon 
| that which the Comet that was ſen hun 
see Newton, in Europe in the Year 1680, deſcibiſ g= 
| p. 404, & 45%. in the End of that Year, and th: ler 
1 Beginning of the next. Let F olic 
be equal to the Semi-diameter of the great Ot iam 
to wit, of 1ooοο equal Parts, ſuch as the Lom 
Rectum contains 23618 ; and conſequently FI rm 
of 5912 Parts, and the whole Abſciſs T q of Pher 
10, 592. Let us alſo ſuppoſe the Comet to hui 
been in the Vertex of the Parabola, or in its Pe arts 
rihelium p December 8. Four Minutes after Noot Parts 
For the finding the Velocity of the Comet in ty tt 
Vertex of the Parabola, let there be found in ti hic 
firſt place the Velocity of a Planet revolving in faz! 
Circle at that Diſtance, by this Analog diti 
as is the ſquare Root of the Diſtance FT, Mie u 
5912 Parts = Y, to the ſquare Root of the of 
ftance F q, of 10,000 Parts = 1008h:.! $ 
Prop. 13. ſo is the annual Velocity of rx: 
Earth, to the Velocity of a 140 umb 
i ects 


—— 
c— oe". 
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ri. WY deſcribing a Circle, the Radius whereof is FT. 
on. Then, as the ſquare Root of the Number two 
2: =11 414 15 to Unity; ſo will the Velocity of a 
vr Comet in the Vertex of its Parabola be, to the Ve- 
ron WMWlocity of a Planet in a Circle at the ſame Diſtance. 
au But che Earth, by the mean Velocity of the ſame, 


deſcribes | 1195 Parts in the Space of one Minute, 
and 717 : 100 3: [1195 :; i[552. From whence 


be velocity of the Comet in its Perihelium, will 
tete chat which in the Space of one firſt Minute 
* deſcribes Aeg — 2119 Parts, ſuch 45 the 


emi-diameter of the great Orb contains 10000, 
and ſuch that 5y[2 of them are contain'd in 
he leaſt Diſtance of the Comet. The Area 
herefore deſcrib'd in that given Time by the 
omet, with a Radius drawn to the Center of the 
dun, is equal to the Rectangle of ; 59| 2 x 2199 
641824 ſquare Parts. That therefore we may 


| thei: length find the Space of Time wherein the Para- 
Folic Arch T's, where Fq is equal to the Semi- 


iameter of the Orbis magnus, is deſcrib'd, we will 
ompute the Area T's F, and compare it with the 
ormer Area which was deſcrib'd in one Minute. 
Therefore, as T F of 5912 Parts is to T'q of 
oog L Parts; ſo let the ſquare of FH of 11814 
parts = T4018| 56, be to 2382018161 ſquare 
arts; the fquare Root whereof = 1543] 3 will, 
the Conics, be equal to the Semi-ordinate qs: 
hich being drawn into half the Diſtance F q 
#43] 3 X 310000 = 7716500, the Area of the 
dititious Triangle Fqs will come forth. But 
e whole Parabolic Area Tqs is equal to two 
hof the Rectangle under T q of 10059[ 2 Parts, 
11Sq of 1543[3 Parts, or to the ſquare Parts of 
15524363[ 36 = 10349575|57. From which 
umber, let there be deducted the Triangle F - 

0 
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of 7716500 ſquare Parts, the remaining deſcribel I 
Area will be of 2633075| 57 ſuch Parts; which 0 
being divided by the Parts of the Area belonging 


263207707 


to one firſt Minute, there comes forth — IM v 
6413824, Wb 
the ſpace of Time ſought; or that in which 
the Comet would deſcribe the Arch T's = 4061}, ll a 
228d. 4*. 59'. Wherefore the Arch Ts will & 
deſcrib'd in 28 Days, and almoſt. 5 Hours. Ant gi 
the Comet poſſeſs d the Point s on the 5th of 7 2; 
nuary, about 4 hours Afternoon. Which alſo er de 
actly agrees with Sir Iſaac Newton's Scheme de. 
duc'd from Obſervations. hg of 
If therefore we, from ſuch Calculations, ſhal BM 4: 
once have the Times rightly defin'd, wherein any 
Comet deſcribes any Arches whatever, as T s of Ml of 
a Parabola, or rather an Ellipſis, ſo eccentric tht MM T 
it may ſafely be reckon'd for a Parabola , by the WM tit 
inverſe Method we may be able alſo to define er. do 
actly enough, the Arches belonging to any gira A: 
Times; I mean the ſame way of working Yin, 
which, in Kepler's Hypotheſis and Tables, we 2 P: 
wont to find the Ceoquate Anomaly of the PE an 
nets from their mean Anomaly in a gia cr: 
Ellipſis. | of 
Coroll. (r.) Seeing therefore the ablatitiouM ev; 
Triangle Fs q vaniſheth away in the Point h, th gi 
Area to be computed at that Time will be equi be 
to two zds of the Rectangle of T F drawn ino crc 
Fh; or g F912 x 118| 4 = 467618, and con bei 
quently the Time belonging to this Area will h the 
ao HS h. 12“, 9”. So that T . 
9 641824 hs * I2. 9. 80 tha th: 
the Arch betwixt the principal Vertex 22“ 
the Ordinate to the Axis through the Focus, wi wa 


deſcribed in 1 h. 12'. 9”, And the Comet as 
1 
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bel E che Point s December the 8th, 17 Minutes after 
dich One in the Afternoon. 

ing Coroll. (2.) Hence alſo the Space of Time 
* wherein any given Arch is deſeribed, doth eaſily 
4 become known; wiz. by computing the Tyne 
nich from the Perihelium to both Places, and taking 
1119 away the ſhorter Time from the longer: For by 
de that means the Interval of Time belonging to the 
And given Arch will become known. Thus the Time 
J agrecing to the Arch Th = rx h. 12“. 9”. being 
) ex-B deduc'd out of the Time agreeing to the Arch 
de. Ts = 284d. 4". 59', the Remainder is the Interval 
of Time belonging to the Arch hs = 284. 3h. 
ſhal 4 51”. And fo every where. 

Coroll (3.) Hence alſo is deriv'd the Method 
of finding the deſcribed Arch from the given 
Time. For ſeeing that at the Point h the abla- 
titious Triangle Fs, and the addititious one Ft1, 
doth always vaniſh away; and conſequently the 
Area in that Place may be eaſily computed, as be- 
ing in our Example of 4667| 4546 ſquare 
Parts: Since alſo in that Place T F is half FH; 
and ſince, laſtly, the Abſciſs T F doth always in- 
creaſe in the ſame Proportion, in which the ſquare 
of its Ordinate F H increaſeth: any Time what- 
ever, or the Area proportional thereto, bein 
given, the Arch belonging to the ſame will alſo 
be given; if that Quantity of proportional In- 
crements or Decrements be taken, that zqs x Fq 
being taken out of 3 qs x Tq the Remainder be 
the Quantity of the given Area. Thus, that T 
may find the Arch T of 284. 14h. 59“. = 40619), 
the, is, that which belongeth to the Area of 
263:075| 57 ſquare Parts; I ſeek in the Tables of 
quare Numbers, if I would work without Alge- 
bra, where ſuch a Number is to be found, (the 
Line TF being taken for Unity, and the Area 


FT 
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FT h for the ſquare of Unity; or for; TF »Fh 
=a 563d Part of the whole Area; and Fh being 
taken for the Number two : ) That the Number, 
to be added to Unity being proportional, the nu 
ſquare of the Numbers to be added to two 4 qsx lc 
F being taken out of 3qs x Tq, the Remain. ar 
er may be the given Area = 564 : Which Nun. Mot 
ber will occur no where elſe, but where F q is to M1 
FT as 10000 to Folz, or as 167 to 1 nearly, ile, 
From whence it is manifeſt, that the ſought Arch Na: 
is no other but that of which Tq of 100592 Ml;;, 
Parts is the Abſciſs. But ſmce this Method con ls, 
ſiſts in making Eſſays, and is indirect, it is no le, 
ſo artful, However, what hath been here At 
delivered contains enough in it, to ſhew in ſome 
meaſure the Origin and Method of compiling 
Tables. ; 
Scbolium. Note, That Sir Iſaac Newton's Geome. 
trical Method doth ſhew directly, from the given 
Time, the deſcrib'd Arch ; that is, if F T be made 
to ty, as the Time belonging to the Ares 
Th F is to the given Time, the Point t poſſefling 
the Middle of the Line T E, and ty being drawn 
perpendicular to TF; the Diſtance from the Fo- 
cus F will be equal to ys: From whence the 
Circle deſcribd from that Radius 
Se Newton, will determine the Point. But ſince 
Book I. Prop. 30. this Method is not ſo fit for Calcu- 
lation, we paſs it by in this Place. 
Scholium. Hitherto we have chiefly expounded 
the Motions of Bodies attracted unto an unmove- 
able Center, ſuch as ſcarce is in the whole 
Compaſs of Nature. For Attractions are wont 
to be unto Bodies, and the Actions of the Bodies 
attracting and attracted, are always mutual and 
equal, as we ſhew'd before, (Lau of Motion 5.); 
{o that neither can the Attrahent reſt, nor the At- 
tracted, 
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x Fi Wcraed, if they be two Bodies; but muſt both, as 
eing it were, by a mutual Attraction, where the pro- 
ibers WW ictile Motion of both is duly impreſs'd upon 

the tem, be revolv'd about the common Center of 
qsx WWlGravity. And if there be more Bodies, (which 
1ain- are either attracted by a ſingle one, or attract each 
um. Wother mutually) theſe ought to be ſo mov'd among 
s to Wthemſelves, that the common Center of Gravity 
arly, mould either reſt, or be mov'd uniformly in a 
uch WMWftraight Line, as we ſhew'd before, ( Law of Mo- 
#912 g 25.) For which Reaſon, we proceed to ſet 


forth the Motion of Bodies, as mutually drawing 
each other; conſidering the Centripetal Forces as 
Attractions, altho* indeed ſpeaking phyſically, 
they may perhaps be more rightly called Impulſes. 
For we look not here ſo much at the phyſical 
auſes, as at the Effect it ſelf, conſidering and 


me. WWmeaſuring things in a Mathematical Way, and 
wen uſing an eaſy and familiar Term, though in the 
py ſtrict Notion of it perhaps it may not agree- 
; 


XXVII. Two Bodies attracting one another, 
deſcribe like Figures both about the Common 
enter of Gravity, and about one another ; that 
„ whilſt they really deſcribe like Figures about 
he Common Center of Gravity, the Eye being 
placed in either of the two, and not perceiving 
ts own Motion, or that of the Center of Gravi- 
y, a Figure like to the ſame will ſeem to it to be 
eſcrib'd. 

For the Diſtances from the Common Center 
df Gravity are reciprocally Proportional to the 
bodies, and conſequently in a given Proportion 
o each other; and by Compoſition in a given 
roportion unto the whole Diftance betwixt the 


" Dodies. But theſe Diſtances are carried about 
ir Terms, with a common Angular Motion, 


becauſe: 


| 
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becauſe lying always in a ftreighit Line, they d 
not change their Inclination to one another. But 
Right Lines which are in a given Proportion 
to one another, and are carried about one ano- 
ther with an equal Angular Motion, deſcribe al. 
together like Figures about the ſame Points (in 
Plains which either reſt together with theſe 
Points, or are mov'd with any Motion which is 
not Angular.) And therefore the Figures which 
are deſcrib'd by theſe revolving Diſtances at 
equal. 2. E. D). 

. Scholium, Thus the Earth and the Moon are 
carried by a Monthly Motion about the Common 
Center of Gravity of both. But to us placed 
on the Earth, to whom neither the Motion of 
our own Seat, nor of the Center of Gravity, 2 
being an Invifible Point, is perceptible, the Moon 
alone ſeems to be carried about; and ſo it muſt 
needs happen in all the reſt of the Syſtems of the 
Planets. 

XXVIII. If two Bodies attract one another 
with any Force. whatever, and be in the mean 
while revolv'd about a common Center of Gia. 
vity ; a Figure like and equal may be deſcrib 
by the ſame Force about either Body unmov', 
to the Figures which the Bodies ſo mov*'d deſcribe 
about one another, 

In Fig.2. Plate 6. Let S and P be revolv'd about C 
the common Center of Gravity; S from 8 to 


J, and P fromPtoQ; from a given Point s le 


Sp and s q be drawn, equal and parallel to SP, 
T Q. Here the Curve pq v, which the Point p 


deſcribes about the unmoved Point s, will be like 


and equal to the Curves, which the Bodies S and 
P deſcribe about each other; and conſequently, 
by our laſt Propoſition,like to the Curves S T and 
PQYV , which the ſame Bodies deſcribe about 8 

; the 
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de common Center of Gravity; and this ſo be- 
zuſe the Proportions of the Lines S C. C P, and 
CP, or sp to one another are every where 
given. : 


Caſe (1.) That common Center of Gravity C, 
either reſts, or is uniformly mov'd ſtraight for- 

ard, by the 25th Law of Motion. Let us firſt ſup- 
oſe it to reft ; and in s and p let two Bodies be 
placed, the unmov'd one in s, the mov'd one in 
p; and let them be reſpectively like and equal to 
d and P. Then let the right Lines PR and pr 
ouch the Curves PQ and pq in P and p; and 
jet CQ and $q be drawn forth unto R and r. 
Here becaufe of the likeneſs of the Figures 

PRQ andsprq, RQwillbetorq, as CP 
;to 5p; and conſequently in a given Proporti- 
n: Therefore if the Force wherewith the Bo- 
ly P is attracted to the Body 8, and conſequently 
owards the intermediate Center C, ſhould · be to 
hat wherewith the Body p is attracted towards 
he Center s in that ſame given Proportion; 
heſe Forces would in equal Times always draw 
Bodies from the Tangents PR, and pr to the 
\rches PQ, pq by Intervals Proportional to 
hoſe Forces RQ. rq; and conſequently the lat- 
er Force would make that. the Body p ſhould be 
nrn'd round in the Curve p q v, which would-be 
ke to the Curve PQ V, in which the former 


Force makes the Body P to be turn'd about ; and 


he Revolutions would be compleated in the 
ame Times. But becauſe theſe Forces are not 
o one another in the Proportion of C P tosp; 
but (by reaſon of the Similitude and Equality of 
he Bodies S and s, P and p, and the Equality of 
he Diſtances S P, s p) equal to one another, the 
bodies will be attracted equally from the 

angents ; and therefore that the latter Body p 

ou 


192 Mathematical Philoſophy. 


ſhould be drawn thro' the greater Interval rg 
greater Time is requir'd , and this in the ſub. 
duplicate Proportion of the Intervals ; becauſe thy 
Spaces deſcribed are in the duplicate Proportic 
of the Times by Propoſition 4. Therefore lx 
the Velocity of the Body p be ſuppos'd to be u 
the Velocity of the Body P in the ſub-duplicate Pro. 
portion of the Diſtance s p to the Diſtance CP; 
ſo that in Times which are in the ſame ſub- di 
plicate Proportion, the Arches PQ, p q may be 
deſcribed, which are in the entire Proportion like 
to one another: In this Caſe the Bodies P, 
which are always attracted by equal Forces, wil 
deſcribe about the quieſcent Centers C and; 
like Figures PQV, pq v. the latter whered 
pq vis like and equal to the Figure which the 
Body P deſcribes about the moved Body 5 lip 
2 E.D. 1 
Caſe (2.) Let us now ſuppoſe that the common 
Center of Gravity, together with the Relatin 
Space in which the Bodies are moved among 
themſelves, goes forwards uniformly in a Right 
Line; by the 26th Law of Motion,all the Motion 
will be perform'd in the Space as before; and 
conſequently the Bodies will deſcribe about one 


another the ſame Figures as before; which there C 
fore will be like and equal to the Figure p q er, 
2. E. D. | | Ts 
Coroll. (2.) The periodic Time about the def 
mov'd Body s, will be greater than the periodic; | 
Time about the moved Body S, or rather th ion 
which is about C the Center of Gravity: port 
that in the reciprocal Proportion of the Ange e 
deſcribed at the fame time; that is, in the ſubduMomn 
plicate Proportion of the Radii s p and CP: MMithci; 
that is, in the ſubduplicate Proportion of the Ber, 


dies S P to the Body S. Thus, if the * uf 
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10, gould be moved about s, which is the Earth un- 
ub nord, at the ſame Diſtance that it is: And ſince 
tee Quantity of the Matter in the Moon is about 
tion ne 4oth Part of the Quantity of Matter 
ela ha the Farth; the periodic Time of the Modbn 


vould be greater than that periodic Time of the 
me, which is at preſent, nearly in proportion of 
he Number 40 to the Number 391498. For it is 


do: 39[ 498 : 39 =. From whence, ſince the 
We eriodic Time of that Planet is now 274. 7b. 43', 


r 29243'; in the other Caſe it would be 39841, 


P, r 27d. 16h, 1. 3 a I” 

wil C:ro!). (2.) Hence two Bodies drawing one 
1d 4 ocher by Forces directly proportional to their 
rel WW: ances, deſcribe (ſee Prop. 19.) both about the 
2 Wmmon Center of Gravity, and about each other 
y »Wllipſes Concentrical, and which have their Cen- 


s in the Centers of the Forces. And on the 
nerary, if ſuch Figures be deſcribed about the 
nters of Ellipſes, the Centripetal Forces are 
retly proportional to the Diſtances from thoſe 
nters. 


tio Coroll, (3.) Two Bodies drawing one another 
aul Forces reciprocally proportional to the Square 
t 008 their Diſtances, ( ſee Prop. 21.) do both about 
here Common Center of Gravity, and about each 
 q Wer, deſcribe Conical Sections, which have 


ir Foci in the Center, about which the Figures 
deſcribed. And on the contrary, if ſuch Fi- 
es be deſcribed about the Focus of Conic 


thuhtion, the Centripetal Forces are reciprocally 
: portional to the ar of the Diſtances. 
nge roll, (4.) Any Two Bodies revolvifig about 
ubo-Wommon Center of Gravity, (ſee Prop. 15.) do 


their Rays drawn to that Center, and to each 
er, deſcribe Areas proportional to the Times, 
_ | 


by 


- 
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by reaſon of the perpetual Direction of the Ray; 
or Centripetal Forces to thoſe Centers. | 


May od 1705. 1 
de 
LE CT. XVIII. 


XXIX. VNN Two Bodies S and P, (| 
SOIL Fig. 2. Plate 6.) which ar 

1 tevolyd about a common Cen 
CIS; cer of Gravity, do attract ed 

other with a Force reciprc 

ly proportional to their Diſtance from the Cem 
the Tranſverſe Axis of the Ellipſis, which eith 
of them, as P deſcribes about the other S, will h 
to the Tranſverſe Axis of the Ellipſis, which ti 
ſame Body P might deſcribe in the ſame period 
Time about the other at Reſt, as the Sum of th 
two Bodies S -P is to the firſt of two Proporti 
nals betwixt this Sum, and that other Body 
For if the deſcribed Ellipſes were equal one! 
the other, the periodic Times would be, by em 
laſt Propoſicion, in the ſubduplicate Proporti 
of the Body 8, to che Sum of the Bodies S + 
Now, if the periodic Time be diminiſh'd in ti 
Proportion in the latter Ellipſis, the periodic Iin 
will become equal: And the Tranſverfe Axis 
that Ellipſis will (by Prop. x3.) be diminiſhli 
the Proportion, of which this Subduplicate is w 
Seſquiplicate ; that is, in the Proportion of ulli 
the entire Proportion of S to S is triplicWavi 
and conſequently will come to be to the tu rce 
verſe Axis of the other Ellipſis, as the firſt of 
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wo mean Proportionals betwixt S P, and 8 is 
„SEP. And inverſly, the tranſverſe Axis of the 
Ellipſis, deſcribed about the moved Body, will be 
0 the tranſverſe Axis of that deſcribed about the 
Body unmov d, as SP is to the firſt of the two 
jean Proportionals betwixt S P and S. 2.E.D. 
Thus, if the Moon's mean Diſtance from the 
arth ; that is, half the tranſverſe Axis of the 
lipſis defcribed in the Suppoſition of the Earth's 
being unmoved, be of 60 Semi-diameters of the 
arth, in Proportion to the given periodic Time; 
hat Diſtance will be greater than 60 Semi-diame- 
ers of the Earth, on the Suppoſition of theCircum- 
otation both of the Earth and the Moon about a 
ommon Center of Gravity; and that in the Pro- 
ortion of the Sum of the Earth and the Moon 
o the firſt of the two mean Proportionals be- 
vixt the Sum of the Earth and of the Moon, to 
e Earth; or in the Suppoſition of the Moon's 
ing a goth Part of the Earth, as 40 is to 
66. For 39: 39123: 39166: 40. From 
hence, ſince the Diſtance of the Moon in 
de Hypotheſis of the Earth's being unmoved, 
put to be of 60 Semi- diameters of the Earth; 


Ay; 


one ly wil! be, in the other Hypotheſis, of 603 Semi- 
by Mameter rs. Ack 

port C %. From what was juſt demonſtrated, it 
S Blows, chat if two Bodies drawing each other by 
in y Force whatever, and which are not moved 
cTwpm any thing'elſe, nor impeded, be moved in 
Aby fort whatever; their Motions will be the ſame 


effect, as if they did not attract each other, 
t were both Actracted with the ſame Force by 
e za Body placed in the common Center of 
avity: And the Condition of the attracting 
ce will be the ſame, in reſpect of the Diſtance 
the Bodies from that common Center, and in 
O 2 reſpect 
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reſpe&t of their whole Diſtance betwixt them. « 
ſelves. For that Force wherewith the Bodis WW 
draw each other, becauſe it tends to the Bodies, ft! 
tends to the intermediate common Center of Gr. Wii 
vity; and che Diſtances from the Center of Ga 
ty, are every where proportional to the Diſtancs iſ: 
of the Bodies; and conſequently the Forces are the . 
ſame, and do in the ſame Proportion increaſe «MG! 
decreaſe, as if they proceeded from the interme h. 
diate Body in the Center of Gravity. ſec 
XXX. Many Bodies, whoſe Forces are pro 
portional to the Quantity of Matter, and in the 
direct Proportion of the Diſtances, may be mov 
in divers Ellipſes about their Centers, in ſuch fon 
that their Motions may continue perpetually with 
out any Perturbation, and that the common Cer 
tor of Gravity of them all may in the mean whit 
reſt. | 
In the firſt place, let the two Bodies T and 
(ſee Fig. 3. Plate 6.) be ſuppos'd to have D { 
.. the common Center of Gravity. If a projeAik 
Motion be once impreſs'd in due Proportion: 
cording to parallel Lines ſituate in the ſame Flat 


but according to Directions contrary to bo! ch 
theſe. Bodies will deſcribe like Ellipſes, hau ber 
their Centers in D the common Center of G en 
vity, as we ſnewed above, Prop. 19. hre. 
Now let 8, a 3d Body, draw the two former by.! 
and L, with the accelerating Forces 5 T and letic 
and be reciprocally drawn by them. The Fog the 
ST may, by the 22d Law of Matton, be reſol D a 
in the Forces S D, D T; and the Force SL i ente. 
the Forces S D, DIL. But the Forces D T, DIM"! ( 
which are as T L the Sum of them: For ſa ut 
the Proportions of the Parts T D and D I. do cid 
ways remain the ſame, the Proportion of the wht * \ 
ibe t 


alſo TL will remain the ſame in all the Diſtan 
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of the Bodies T and L. ] And the accelerating 
tis MY Forces of the Bodies themſelves T and L, are as 
lies, che Diſtances TL; and the additional Force ari- 
In. Nang from the Body S, and tending according to 


the Line T L, is, as we have already ſeen, as the 
ſame Diſtances TL: Therefore the Sum of the 
Forces T D and LD, reſpecting the Center of 
ravity, are as the Diſtances D T and T L. But 
heſe are greater than the former Forces; and con- 
ſequently will make that thoſe Bodies ſhould de- 
cribe Ellipſes, either like to the former, with a 
wifter Motion, if the projectile Force be accele- 
ated in Proportion to the additional Centripetal 
'orce; or of another Species, if that projectile 
otion remain given. The remaining accelera- 
ing Forces SD and SD,whilſt theydraw thoſe Bc- 
lies equally, and according to the Lines TI, LK, 
arallel to DS, do nothing at all change their Si- 
uations each to other, but cauſe that they ſhould 
qually approach to the Line I K perpendicular to 
D. But that Acceſs to the Line IK will be 
indred, by cauſing that the Syſtem of the Bodies 
and L.; that is, that D the Center of Gravity 
the Two on one Part, and the Body S on the 
ther, hould be revolv'd with due Velocities in the 
ven Plane about C the common Center of the 
hree, accarding to parallel Lines. The Body 
by ſuch a Motion ( becauſe that the Sums of the 
otions, being on both Sides directly proportional 
the Diſtance SD, and conſequently to thoſe 


oh D and CS, do draw the Bodies towards the 
in enter C:) The Body S, I fay, for this Reaſon 

DIS! (by the ſaid Motion) deſcribe an Ellipſis 
u out the ſame Point C; and the Point D will 


(cribe an Ellipſis on the contrary Part; in the 
exn while that the Bodies T and L go on to de- 
ibe their Ellipſes, as before, about the moveable 
enter D. O 3 Now, 


not far diſtant from the Center of the greatt 
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New, let a fourth Body, as V, be added, ani il © 
it will be concluded by the like Argument, thy Ml © 
this and the Point C may defcribe Ellipſes abou Ml * 
B the common Center of Gravity of them al; De 
the Motions of the former Bodies TL and sI 
about the Centers D and C ſtill remaining, bu 
ſomething accelerated: And the thing will be the WM */ 
ſame in caſe of more Bodies. B 

Coroll. (1.) The Caſe of a Syſtem of Bodi Wl ** 
revolving about other Bodies, where the Centr. d 
petal Forces are directly as the Diſtances, afford. 
exact Ellipſes, ſuch as are in no wiſe diſordered h 
the Addition of more Bodies. But by how much 
the more the Quantities of the Centriperal For-W 5" 
ces depart from this Proportion, the Bodies mu 
neceſſarily, ceteris paribus, the more diſorder , *" 
diſturb one another's Motions. ot 

Coroll. (2.) But if the Centripetal Forces e 
reciprocally as the Squares of the Diſtances, a 
a Syſtem of two or more leſſet Bodies revolving!) 
about a common Center of Gravity placed inthe 
Focus of the Ellipſis, be preſſed on one Side by: 
Body far greater than any of them, but ſufficient 
ly remote; and be preſſed in ſuch fort, that the 
common Center of Gravity of them all become 


Body, the common Center of Gravity of tit 
Syſtem of the leſſer Bodies will deſcribe an E 
lipſis about the greateſt Body, or rather about th 
common Center of Gravity of them all. But 
divers Inequalities will ariſe in the Motions of tht 
lefler Bodies, which we ſhall explain in win 
follows. Such indeed as Aſtronomers ha 


noted in our Moon from moſt certain Obſe ( 
tions. Par 
acc 


Coroll, (3.) But the greateſt Diſorder of f 
will ariſe in the leſſer Syſtem, if the greateſt B. 
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iy ſhould attract divers Parts of that Syſtem un- 


= equally at equal Diftances ; that is, if the divers 
bon BY Kinds of the various Bodies ſhould gravitate un- 
| all. WM equally, or in divers Degrees towards the greateſt 
ng Body; eſpecially if the Inequality of this Pro- 
\ bu WY portion ſhould be greater than the Inequality of 


the Proportion of the Diſtances from the greateſt 
Body. For if the accelerating Force, whilſt ic - 
acts equally, and according to parallel Lines, 
does nothing at all diſturb the Motions of Bo- 
dies amongſt themſelves, a Diſturbance muſt ne- 
ceſſarily ariſe from the Inequality of the Action; 
and muſt be greater or leſſer, according to the 
greater or leſſer Inequality. The Exceſlss of the 
greater Impulſe, whilſt they act upon ſome Bodies, 
and not upon others; or act leſs upcn ſome than 
others, will neceſſarily change their Situation 
amongſt themſelves. And this Diſturbance being 
added to the Diſturbance which ariſeth neceſſari- 
ly from the Inclination and Inequality of the 
Lines, will make the wholeDiſturbance the greater. 

Coroll. (4. From whence, if the Parts of the 
leſſer Syſtem ſhould be moved in Ellipſes about 
the Focus, or in Circles about the Center, with- 
out any other Diſturbance of their Motions, than 
what proceeds from the Inclination and Inequa- 
lity of Lines drawn from the greateſt Body ; it is 
manifeſt, that the accelerating Forces of all the 
Parts of the Syſtem towards the greateſt Body, 
are in equal Diſtances equal ; and that all the Bo- 
dies comprehended in the leſſer Syſtem, do equal- 
ly gravitate towards the greateſt Body at equal 
Diſtances. 

Coroll. (F. Hence it is alſo manifeſt, that the 
Parts of that leſſer Syſtem are eicher urged by no 
accelerating Force, but what tends to the greateſt 
Body, except it be very lightly and inſenſibly; or 

4 at 


— 
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at leaſt are urged very nearly with equal Impref. 
ſions, and according to parallel Lines. All which 
things it were eaſy to apply to the Syſtems of the 
Earth and Moon, of Fupiter and his Satellua, 
_—_— and his Satellites revolving about the Sun, 
XXI. If a primary Planet revolving abou 
the Sun carry a Moon along with it, this wil 
be ſo mov'd about the Primary, that it will per. 
petually be accelerated from the Quadrature with 
the Sun, unto the Conjunction or Oppoſition 
next following; but from the Conjunction to the 
Quadrature, it will be retarded ; and conſequent. 
ly will be carried more ſwiftly about the Conjur 
ction and Oppoſition, but more ſlowly about the 
Quadratures. 
In Fig. 4. Plate 6. let Q be the Sun, 8 the 


: primary Planet revolving in ES E its annual Otb, 


P or p a Moon deſcribing its own menſtrual Pers 
od ADBC about the Primary ; in which Orbit, 
let the Points A and B deſign the Syrigies with the 
Sun; that is, the Conjunction and Qppoſition: 
C and D the Quadratures, that is, the Points di 
ſtant on this Side and on that a Quarter of a Circl: 
from theConjunction & Oppoſition. Further,lerQ), 
or OK, cr Qk, the mean Diſtance of the Moon or 
Satellit from the Sun, repreſent the Quantity of the 
accelerating Attraction; that, to wit, whereby the 
Second#y Planet tends to the Sun, where it i 
placed at rhe ſame Diſtance from the Sun, as the 
Primary; and P or p be ſuppoſed to be the Place 
of the Satellit in its own Orbit: And let QL of 
Ol be taken in the Line PQor pQ, produced i 
need be, which QL or Ql let be to QK d 
Ck in the duplicate Proportion of QK or Qkt! 
OP or Qp; that is, ſo that ir may be thus, PQ: 
Gx: OR: QL =, or Qp: Qk: Qr :QIz: 
"Thoſe Things being thus, this Line QL or Q, 
| Whic 


h1 
Ve 
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el pich was laſt found, will expreſs the accelera- 
ich WW: Attraction of the Moon placed at L or l to- 
the Wards the Sun in Q. Then let S,P or 8, p be 
ined, and LM or Lm drawn parallel to it, and 
geeting QS in Mor m. Here the accelerative 
ttraction in QL or Ql, by the 22d Law of Mo- 


wil ,, will be reſolved into the Attractions LM, 
per. Md L F, or MQ; or into Im, and If, or 
with O; and this with the Directions of thoſe Lines. 


f which Attractions, that which is repreſented 
MQ or mQ is reduced to the Attraction mS; 
taking away the Attraction as QS, 
hich is common to the Primary and its Sa- 
les; and which conſequently brings in no Ano- 
alies. By which means the Attraction of the 
elles, tending according to the Direction SQ, 
hich ought to be reckoned in this Place, is re- 
ced to the Attraction MS in the Place P, ſo 
uch as the Satelles is more attracted to the Sun 
an the Primary. From whence Ms in the 
rmer Caſe, and ms in the latter, will deſign 
e Difference of the Attractions tending along 
: And conſequently the Satelles, by this 
ans, is urged with a threefold Attraction, or 
her with ſuch an Attraction as may very well 
reſolv'd into three. The firſt and chief being 


"1rcle 


i), 


ON ot 
of the 


y che iſp wherewith the Primary S draws this Secon- 
e it P or p; the ſecond that which is proportio- 
1s the to LM or lm, with the Direction of the Line 
Place M or Im; that is, with the Direction of PS or 


parallel to LM or lm: From whence the 
ole Force, compounded of theſe two Attra- 


K ns, when it reſpects the Center of the Prima- 
2k 10>, will make that the Body Por p, if it were 
preſs'd with theſe alone, would even yet de- 


be Areas about the ſame Center S proportional 
r QI the Times, by Prop. 15. But the Satelles is 
Which alſa 
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alſo acted on with a third Force, with one: 
is as M S or ms, and with the Direction from 
or m towards S: that is, from L or | towardz! 
or f. This, in the Poſition P, tends mon 
to the Sun than its Primary; and that accordin 
to the Direction parallel to QS by the Exe 
MS. And in the Poſition p, it tends leſs to th 
Sun than its Primary ; and this according to th 
ſame Direction parallel to Qs by the Defect n 
Which will come alrogether to the ſame, as if 
ſhould reckon the Exceſs MS from L towards 
and the Defe&t m S from f towards | ; or the bi 
ceſs from M towards 8, and the Defe& from mu 
wards S; or as if the Satelles were diſturbed q 
this Side and on that, by a double Sun placed q 
poſits each to other. For when the Primary 
drawn back from its Secondary towards the 5 
by a true Exceſs of Attraction, there will be al 
gether, as to the Primary, all the ſame ſenſi 
Effects, (and thoſe alone are what we are nc 
ſearching after) as would be if the Primary | 


ing unmov d, the Secondary were drawn au 7 
by the ſame Difference of Attraction unto t 1 
Part oppoſite to the Sun. But now, ſince Mee 
third Force which ariſeth from the Difference @F;... 
Attractions parallel to S Q, doth not tend toit 
Center 5, neither doth the total Force compon 5 
ded of theſe three Attractions, that, to Mes 
wherewith the Satelles is mov'd, tend unto nt, 
ſaid Center. Wherefore, by Prop. 17. and g. 


the Satelles will not deſcribe equable Areas at 
the Center of the Primary, or ſuch as are | 
portional to the Times. But the Force repreſe 


ed by MS or mS, will diſturb the equablel! feſt 
ſcription of Areas. In the Quadrant (n 
of the Semi-circcle CAD, ſuppoſing the 
monthly Motion to be perform'd from Wi" Wt 
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:# through A, D. B, C, the ſaid Force accelerates 
e Motion of the Satelles about 8, from C 
> A, by conſpiring together with it; but aſter 
e Conjunction in A in the Quadrant AD, it 
:ards the Motion by being oppoſite to it. But the 
atelles being come unto the Quadrature about D, 
e za Force MS or ms vaniſheth away; (becauſe 
JK or Qk: QP or Qp; and conſequently QL. 
d O! alſo are then equal.) And therefore 
e Force expreſſed every where by the ſaid MS, 
in have no Effect in this Place. Therefore the 
atelles, which about the Quadratures is urged by 
e reſt of the Forces, and thoſe only tending un- 
the Center of the Primary, will deſcribe equa- 
e Areas by Rays drawn to the Center, or pro- 
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nat) Wortional to the Times, But whilſt the Satelles 
de Mes over the Quadrant DB, Om falls ſhort of 
"x any S: and if we refer the diſturbing Force to the 
ſenſiellez alone, it will tend from m to S, and will 
e gin accelerate the Motion thereof by conſpiring 
r "Wecther with it: But after the Oppoſition in B, 


1 aw 
to U 
ICC 
ence 


e Force will (till tend from m towards S; but 
ill now retard the Motion of the Satelles by be- 
g contrary thereto ; untill again about the Qua- 
ature C, m S vaniſheth away, and conſequent- 


1 10 its Effects ceaſe. Again, ſeeing the Force MS 
foi mo, which diſturbs the Area in the Paſſage of 
* e Satelles from C to A, and from D to B, is 


ntinually increas'd, and in A and B becomes 
e greateſt; and from theſe Points again is con- 
vally diminiſh'd, whilſt the Planet is carried 
dm A to D, and from B to C, until it at length 
niſheth away in the Points D and C; it is ma- 
feſt, that the Motion of the Satelles, as beheld 
dm its Primary, is the ſwifteſt, ceteris paribus, 
the Conjunction and Oppoſition A and B, and 
weft in the Quadtatures C and D. 2. E. D. 

Coroll · 
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Coroll. (.) From hence we may ſalve that | 
equality in the Motion of the Moon, named! 
Aſtronomy, The Variation ; wherein the Moon; 
carried more ſwiftly in the Conjunction: 
Oppoſition, than in the Quadratures ; and ti 
ſo, that in moving from a Syrigy to an Odan 
it gains about 37 Minutes above the middle Me 
tion; and loſeth again the ſame Quantity ini 
Motion from an Octant to a Quadrature ; and 

>perpetually. And the like Anomaly is to be ei 
pected in the little Moons of Jupiter and Saum 
although by reaſon of their great Diſtance fr 
the Sun and from us, and of their ſhort menſt 
Periods, it is not ſenſible to us. 

Coroll. (2.) Hence allo it follows, that 
Orbir of any Moon, c#teris paribus, will be mo 
curve in the Quadratures than in the Conjundio nt. 
and Oppoſition. And conſequently, if it bei 
it ſelf Circular, it will become ſomething Elli 
tical, in ſuch ſort that the leſſer Axis will be 
ways placed in the Conjunction and Oppoſitiat 
and the greater in the Quadratures. But if th 
Orbit be of it ſelf Elliptic about its Primary p! 
ced in one of the Foci, it will partake more( 
that Figure, than if it were not affected wit 
this Anomaly. Cartes was the firſt that I knd 
of, that aſſigned this oblong Figure to the Orbe 
the Moon, which he did only by way of . 
potheſis and Conjecture: But in the mean whi 
he fell into a great Error, when he determin 
that the Moon comes nearer to the Earth in 
Conjunction and Oppoſition, and departs furt 
off in the Quadratures ; when on the contra 
by the proper Eccentricity of that Orb, the Lures: 
of the Apſides being put the Conjunction ul 
Oppoſition, the Moon is more remote from Whniſh' 
Earth in the higheſt Apſis, than in the Qua 


curd 


Mathematical Philoſophy. 205 


rs: that Inequality which we have been ſpeak- 
e of notwithſlanding. Bur the great Dr. Halley 
- the firſt who, from Obſervations, attributed 
i oblong Figure to the ſaid Orbit; or at leaſt 
> firſt that communicated the ſame to the Pub- 


am; and from thence ſhew'd, that the Lunar 
e M heory was to be corrected : But as to the De- 
in M Nonſtration of this Corollary, it is eaſily dedu- 
nd a out of the Propoſition. For Bodies which 


e ſwifter, do decline leſs from the right Path 
an lower ones: And beſides, the diſturbing 
orce MS or ms in the Conjunction and Op- 
pſition, is not only the greateſt in it ſelf, but is 
ſo directly contrary to that Force wherewith the 


it Mentral Body S draws the Body P or p; and 
moſnſequently diminiſheth that Force by being 
naioWntrary thereto. But the Body p or P will de- 
be i ine leſs from the right Path, when it is leſs ur- 
Elin towards che Central Body S; and conſequent- 
be will be mare carried in an Oblong Elliptic Path 
ſrioWour its Primar 7. I TRI 
1 May 21. 170% C 
ore ke..2..- . Aa 
B N 
kno ids uli 217 
Orbe L . XIX. im 
f Hy "IT | 3R ; wn K ! 
WON XI). SC F by reaſon of: the Diſtance 
rmil FI FA berwixc the Sun) and 4 pri- 
WM . mary Planet increas'd and 
urth Me diminiſh'l by turns, the Al- 
trag on of the Sun be alternately 
e LW reas'd and diminiſh'd ; the Radius of the Or- 
n 18 of the Satelſe; will withal be increas'd and di- 


niſn d, and the periodic Time of the Satellit 
Put its Primary will be chang'd alternately; 
| that 
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Apſis ; and again, falling ſhort from the nearer 
is to the mean Diſtance, and exceeding it 
om the mean Diſtance to the remoter Apſis: and 
perpetually. And the ſame thing is to be judg- 
of the Moons about Saturn and Fupiter, in their 
oportion. Albeit this Inchuality in theſe, and 
e reſt likewiſe, is ſo very ſmall, that it may 
ry well be neglected in moſt Caſes. | 
Coroll, (2.) The truly original and primitive 
riodic Time of every Moon, that is, that Time 


151 
it is{ 
LWs 1 
in d 
of fl 
Liſhiy 


in ch 


ere without the reach of the Sun's Action, is a 
le ſhor:er than the middle periodic Time; and 


bd e orginal Diſtance from its Primary, 3 little leſs 
y is Wan the prefent. Namely, becauſe if the Force 
Yeo che Sun, which debilitates the Fotce- of its 
ut Mimary, were taken away, it would approach 


arer to its Primary; and thus the periodic Time 
ould be the ſhorter. 
Coroll. (3.) Hence alſo we may infer, with the 
mous Dr. Gregory, that if any Primary Planet 
ould, through the Acceflion of new Matter; 
come greater than it was, and from thence its 
traction become proportionably greater; its 
oon would revolve about it at a leſs Diſtance; 
id in a ſhorter time. As on the contrary, by 
e Diminution of the Matter of the Primary, 
e Orbit and periodic Time of its Moon 
duld be enlarged. And the fame thing would 
ppen in any Primary, in caſe the Sun was in- 
eas d or diminiſh'd. 7; 115] 
Coroll. (4.) Since therefore it is manifeſt from 
e moſt ancient Aſtronomical Obſervations, as 
mpared wich the latter, that the periodic Times 
the Primary Planets about the Sun, and of the 
oon about the Earth, are the ſame in this Age, at 
ey were 2000 Years ago; it is certain, that the 


Quan- 


which it would revolve about its Primary, if it 
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Quantity of Matter both in the Sun and in d 
Earth, is the ſame that it was then, and hath l 
no ſenſible Addition or Diminution. 

Coroll. (5.) Bur if the Quantity of Matter! 
the Earth be fuppos'd to have been increas d! 
Noab's Deluge, or by any other means, the Quy 
tity of the periodic Month of the Moon muſt m 
ceſlarily have been diminifh'd thereby. 

XXXIII. If a Secondary Planet deſcribes y 
Elliptic Orbit about irs Primary, which is place 
in the Focus of the Ellipſis; the greater Axis 
this Ellipſis, or the Line of Aſpes, will, by u 
angular Motion, go forward and backward by tum 
but it will go forward more than it goes back; 
and in each Revolution of the Secondary, by th 

Exceſs of the Progreflion , it will be carried u 
wards the conſequent Signs: That is, In the Cox 
junction & Oppoſition with the Sun, it will go far 
wards ; & in the Quadratures it will go backward 

For the Force wherewith the Secondary 
Planet P or p is urged towards its Primary aboy 
the Quadratures, where the other Force M $ g 

ms is vaniſh'd away, is compounded of the 
Force LM or I m, and the Centripetal Force 
the Central Body S. The former Force, if th 
Diſtance be increas'd or diminiſh'd, is increas dd 
diminiſh'd almoſt in the ſame Proportion direct 
ſo that in the greater Diſtance from the Primary 
the Attraction towards the Center become 
greater, and in a leſſer Diſtance leſs. But thi 

latter Force ariſing immediately from the Primary 
in a greater Diſtance becomes leſs, and in a leſls 

Diſtance greater; and is always in the dpplicat 

Proportion of the Diſtance reciprocally. And 

conſequently the entire Force, or the Sum of th 

Forces towards the Center of the Primary, do 


upon the Increaſe of the Diſtances, inen | 
eſſa 
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thatin a Spiral,which keeps the Angle of theRadiy 
and Tangent: So that that Angle Hoca be lr 
chang d, and ſooner cqme unto. NY right Lins 
3 anche come if te, 5 weſe in the 1, 
Ty duphicate Fropor I ; TECIPID. 
cally ; that is, the Tine. of Kplides, will go bat 015 
But in the intermediate Places, betwi: ae 
junction or — Cam and. t d.che FALLIEs, the 
Motion of the Apis. « s. upon 
conjunctly; fo as to make that it ſhould | gofa 
wards or backwards, aegording ©g to the Faces 
this or that. From hence, t 6 85 bh 
or kl in the Conjunction and Op Oppolitps 
lately noted, is twice as great as Force 11 
or iim in the O2. 0 3 the Excel in ere 
whole Revolution be on the Side of d 
greater Force K l or * and will 5 a the A 
each Revolution towards the conſequent Signs 
Coroll. (1 J lle we may ſolve that Inec 
tity, or progreſſive and regreſſive Motion of th 
Lunar Apſis, in which the Apogeum is ſq mord 
„ that in its Conjunction and Oppoſition, it gu 
forwards more ſwiftly, and in its, 
goes back more flowly ; and by the Excels of d 
progreſſive Motion above the regreflive en 
Month, it is carried towards the confront 
about three Degrees; and thus goes over a ue 
Circle in the Space of Ten Years, ar 3 Wt 
ſooner. In the Moons of Jupiter, which 1 
mov d almoſt in Circles, Andes are none! 
all, or inſenſible at moſt, and conſequently i 
Demonſtration appertains not to them. In tid 
of Saturn it will have place, if at any time ſa 
Eccentricity ſhall be diſcovered in their Paths; 
by reaſon of the Shortneſs. of their og 
Times, and their vaſt Diſtance from, ö Sy 


— neee the ſmall Force of th e Ja 


— ww 
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the Changenef the Apügenm will obe ſb very 
ſmall that it unnot fall ure: eur  Obſervacion; 
n much leſs be-brought Under COmpatkeion. “? 
1 Corolll (1), Since therefbrothe Progrefi or Re- 
M08 ceſs of the Apſides depònds upon tit Decreaſe of 
ae Cencripotal Forct, which is made in a Pre- 
portion greater or leſs ett eie duplicate Propor- 
tion of the'Diftance S Por Sp in the Tranſit of 


lab Body from the nearer” Apfis to ehe romoter; 

ol: likewife upon the like Inereaſe in the Return to 
e nearer Apfe; and conſequently id grenteſt 
ay vhere the Proportion of the Force im the higher 


\pſis to the Force in the nearer, is moſt remote 
om the duplicate Proportion of 'the Diſtances 
nrerted; d is manifeſt, that the Apſides in their 
onjunition and Oppoſition, By the ablatitious 
orce KE of SM.-L MC ot Sm-Im, will go for- 
yard more ſwiftiy; S Pet Sp being at that time 
e leaſt of all ; and S Mor 8 m the greateſt of 
|; and SH or Sp, or rather the Sum of them 
n both Sides being che leaſt of all in the Oüa- 
tures. From whence; i each Revolution of 
e Satelles5 Mhilſt the Apfides are about the Con- 
action and Oppoſition, they will go forwards! 
i ot ſwiftly in the Conjunction and Oppoſition 
the Sarelles; and go back very flowly' in the 
uadrates thetresf;: Anconfequently tñe Exeeſs 


z Wn che progreſſire Motion" above che R(greſſtve/ 
ch ill be thi teateſt of All, and the Apſis will de 
none Moved very 


5 r Signs. 


ly col, (3) But if the! Kpfides be about” the 
n 00indratures ;/ then eomfaty Czuſes will produce 

e 10Sneraty Effects; and the pſſdes will go for- 
bein ards more ſlowiy chan befbre, wien the 'Sarelles 


in the Con junction and Oppoſrion; and go 

k mors fwifcly in the Quadratur of it; yea, 

may comte to paſs it Me fit Pofititf bf the 
| P 2 Ap- 
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Apſides in ſome particular Revolution of: the 8. 
zelles, that the Regreſs of them in the Quadratury 
of the Satelles may ſurpaſs the Progreſs of thy 
ſame, which is when the Satellis is in the Conjur- 
ction and Oppoſition. But becauſe the: ablatic- 
ous Force 8 Mor Sm, that cauſeth the Progref 
of the Apſides in the Conjunction and Oppoſition, 
is, ceteris paribus, about twice as much as the ad. 
jectitious Force which brings in the Regreſs of 
the Apſides in the Quadratures of the Sctelles; and 
becauſe the Apſides do alſo tarry longer in the 
Conjunction and Oppoſition than in the Quadn- 
tures; ſince they move in the former Place, to- 
wards: the conſequent Signs with the Sun, they 
go forward, and conſequently do accompany hin 
longer; but in dhe latter Place, meving to the 
antecedent Signs, they ſooner paſs the Square of 
the Sun, which moves in the mean while towards 
the conſequent Signs: From theſe Reaſons it ap- 
pears, that the Apſides go forward more ſwiftly 
and longer in their ConjunRion and Oppoſition, 
and go back more flowly, but not ſo long in their 
Quadratures ; and that they by the Excefs of the 
Progreſs above the Regreſs in one entire Revolu- 
tion of them to the Sun, i. e. in the Space « 
about Thirteen Months, are ſtill carried toward 
the conſequent Signs, Thus, in the Orbit of the 
Moon, the Apogeum thereof is moved ſo une 
qually, that it is to be brought under · Rule by an 
Equation amounting $0 12 whole Degrees and 
Quarter, as is to be ſeen in the Lunar Tables. 
XXXIV. If a Satellize be moy'd in an, Rocces 
tric Orb about its Primary, the Eccentricity wil 
be changed twice in every Revolution , and wil 
be the greateſt, when the Secondary is in the Cot- 
iunRion and Oppoſition with the Sun; and ths 


caſt, when it is in the Quadratures ; and; con 
| . | quent 


2 
quently will be increas d cotitinually in the Paſſage 
from the Quadratures to the Conjunction and Op- 
wer gr in the contrary: Paſſage continually 
liminifh'd. ae bs. | 


For ſince it appears by what hath already been 
jemonſtrmred,: that the ipetal Force cowards 
he Primary remov'd 'at 4 great Diſtance, doth 
ometimes decreaſe in a greater than the duplicate 


proportion of the Diſtance; ſometimes in a leſs; 
nd ſince the Motion of the Satellite in an im- 


Ir» Whoveable Orbit, and with one certain Eccentrici- 
to- . depends upon the Decreafe of the ſaid Force in 
hey he duplicate Proportion of the Diſtance it ſelf; 
him rom the Change of this Proportion the Species 


the i the Orbit muſt neceſfarily be changed. Thus, 
e che Centripetal Forces increaſe or Jecreaſe in 
ark Whore chan à reciprocal 7 Proportion of 
ap- e Diſtance ; it is manifeft; that the Satellite in 
fifth Ws Deſcent from the higheft Apſis to the loweſt, 
tion, ing perpetually impelſd towards the Center by 
their e Acceſſion of that new Farce, will incline. 
the ore to that Center, 'than'ic would have done if 
rolu- Ie Increaſe of the Oęntfripetal Force had been 
e My im ehe duplicate Proportion of the Diſtance 

r6{Wminiſh'd-;'' and co quetitly wilt deſcribe an 
fte ipeie Orb inferiour ti the former, and at the 


reſt Apſis approach nearer to the Center than it 
in the higheſt; and thus the Orb, by the Oc- 
on of this new Force, is made more Eccen- 
And now, if in the Return of the Satellite 
n theloweft Apſis to che higheſt, the ſaid Force 
ald decreaſe by the ſame Degrees. by: which it 
before increaſe; the Satellite would return to 
former 'Diftance, Keeping the Ectentricity 
ly obeain'd ; whereas, if the ſai Force doth 
reaſe in a greater Proportion than that in 
ch it increas'd before ; the Moon being in 
Caſe leſs _ will aſcend uato an high- 
3 er 
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zunction and Oppottion to the Quadratures of 


i the Sun; mid ate perperually increas'd in the 
»» Ml ralling of the fame from the Quadratures to the 
ce Conjunctiom and Oppoſition. . 
 Corillry. Hence ws may ſolve that Eccentrici- 
ied, ty of the Lunar Orbit which is divers, and daily 
changing, as being greater in the Moon's Con- 
os junction and Oppoſition, leſs in the Quadratures; 
» nd likewiſe edntintafly increaſing in the 19 7 
lo; of che Apygtum from the Comjunction and O5poft 
fu on to the Quadratures, and in the contrat Caſe 


ontinually decreaſing. For in Aftronomical” ables 
e find fo great a Diverſity ed to this Eccen- 
icity, chat the Diſtance bet Wirt che Focus and the 
Center of the Ellipſis deferid'd by this Planet, which 
e call the Eccengficity of the Orbit, is ſome- 
EF. Parts, ſometimes of — 43319 
1000000 5 3000000 
Wnly ; ſuch Parts we mean that to00000 are con- 
ind in the mean Di e of the Moon. 50 
at the Difference of Eccentricities is found to 
riſe unto above half of the whole leaſt Ecggn- 


G8 =» a SSS 


June 4. 1705 · Po 
* r * oF 1 4 
6 : - 4 WP o f A Aka - 
1 ' . ey e 
1 144 # _ . 3 4 . 4 
"2 . al. E C To 4 XX. 
r a . 


WV PRE the Selle be revolvd ahout 
3 de Primary in an Orb, che 

Det Plane whereof is inclin'd to 
5 the Plane of the Primary, the 
„ 4:11; Line ofthe Nodes will be moved 
th an angular Motion towards the antecedent 
gus, but with an unequal Velocity: Moſt 
ikly indeed when the Nodes are in the Quadra- 
es, afterwards by Degrees more ſlowly , until 


P 4 thac 


feet , 
Co 
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that be placed in the Conjunction andOppoſſtion 
and they wholly reſt; and thus being always of 
ther Retrograde or Stationary in each Revolution 
of the Satellite, they move back. As likewiſe ig 
the ſame Revolution they go back more ſwiftly, 
ceteris paribus, when the Satellitg is in the Con, 
junction and Oppoſition, than when it is in the 
Quadratures. 7 . FF 
For amongſt the diſturbing Forces, of which 
we have ſpoken ſo oft, the Force LM or ln 
which is parallel to SP or Sp, that is always (- 
tuate in the Plane of the Orbit of the Satells, 
and can induce no Change of the Plane of th; 
Orbit. The other Force alſo MS or ms, ſity 
ate in the Plane of the Elliptic, when the Node 
are in the Conjunction and Oppoſition , will be 
alſo placed in the Plane of the Orbit, as being 
poſited at that time in the common Interſe&ion 
of both Planes. But when the Nodes are not in 
the Con junction and Oppoſition, this latter and 
ater Force, which is always in the Plane <> 
the Elliptic, will not be in the Plane of 
the Orbit; and conſequently will affect the Mo: 
tion of the Satellite, as to Latitude, and make tht 
Line of Nodes to go back towards the anteceden out 
Signs. For ler the Nodes be ſuppoſed to be placed 
in the Quadratures, this latter Force, which 2 
ways acts parallel to the Elliptic, will perpetual) 
draw back the Sate{les whilſt it is paſſing the Nodes 
on either Side, and about to go forwards in it 
owy Orbit, from the ſame Plane; ſo that th 
Place bf the Interſection which is td be ne 
will be at ſome Diſtance from the former Inte 
ſection, and towards the antecedent Signs. Bit 
when the Nodes are betwixt the Conjunction an 
Oppoſition and the Quadratures, this latter Ford 
will ſometimes move them towards the eonſequell 
Signs, ſometimes towards the antecedent ; MM 
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ill always in an entire Revolution of the Sa- 
ala, by the Exceſs of the ſame .— towards the 
ntecedent Signs, carry them back towards that 
arc: From whence, in the Conjun&ion and Op- 
doſit ion of the Nodes, they will remain immove- 
ble; in their Quadratures, they will go back 
noſt ſwiftly ; and partaking in the intermediate 
Places of both Conditions, they will gg back 


ich Wore lowly ; and conſequently will always, in a 
In Momplcat Revolution, be carried back towards the 
s necedent Signs, notwithſtanding their being 
ella, Retrograde and Stationary in particular Places of 


he Period. But it is to be noted, that when the 
Orbit is placed without the Conjunction and Op- 
ofition, and Quadratures, whilſt the Satellite goes 
rrward from the aſcending Node to the deſcend- 
g, and, vice verſa, the Nodes go back more ſlowly, 
long as the Force MS or m S reſpects that Side 
f the Plane on which the Satellite is placed; and 
o forward ſo long as that Force reſpects the op- 
oſite Side. Thus the Line of Nodes being pla- 
din an Octant of the Sun, after its having been 
laced in the Quadratures, or about R and r, the 
te!lite having paſs'd the Plane of the Ecliptic 
out R, is then towards the Sun: but che di- 


lacedWurbing Force from R to the Quadrature C, tends 
h the contrary Part by an Octant of à Circle; 
tual 


dich Force vaniſhing away in the Quadrature, the 
orce tending to the Fun takes the Place of it, and 
\ntinues throughout the three reſt of the Qctants: 
that the Line of Nodes of the moveable Orbit 
th firſt go forward a little, then goes back a little 
dre; and ſo likewiſe in the other Semi. circle; 
til the ſame Line coming to the Conjunction and 
ppoſition, the Progreſs and Regreſs are in a man- 
equal; but both of them very ſmall, and of ve- 
cos ſhort Continuance, by reaſon of the near Coin- 
Wence of the Situation of the Plane with the 
retion of the diſturbing Force. But _ — 

* . — 
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Nodes in the ſame Revolution of the Sarellite, g 
back more ſwiftly, ceteris paribus, when the $ 
tellite is in the Conjunction and Oppoſition, thi 
elſewhere, is maniſeſt, by reaſon the difturhing 
Force is greater in that Place; and conſequent 
will obtain a greater Effect. | 
XXXVI. The ſame things being ſuppoſed, th 
Inclination or acute Angle of the Plane of thy 
Orb of the Satellite to the Plane of the Eclipt 
is perpetually changed; and is then greatef 
when the Nodes are in the Conjunction and Oy 
poſition with the Sun; and the leaſt, ceteris poi 
bus, when they are in the Quadratutes : And ii 
miniſh'd continually in the Paſſage of the Sacellinſh 
from the Quadratures to the Conjun&ion and Or 
poſition, and increas d — from the Cor 
junction and Oppoſition to the Quadratures. Fr 
whence jt comes, that the Satellite being in th 
Conjunction and Oppoſition , the Inclination 
the Planes becomes the leaſt ; and returns tot 
former Magnitude nearly, when the Moon com 
to the next Node. And this Inclination of tif 
Planes is diminiſh'd, whilſt the Nodes are cat 
from the Conjunction and Oppoſition to the Q 
dratures, and becomes the leaſt of all; ceteris} 
nbi, when the Nodes are in the Quadraturs 
then it increaſeth by the ſame Degrees whered 
it had decreas'& before; and the Nodes bein 
again rettirn'd to the Con junction and Oppoſitid 
it returis to the former Magnitude. If che me 
Propoſition be rightly underſtood, this will not! 
much require a particular Explication. For like 
whilſt the Body goes forward by the former Moti 
from L. to E, if an attracting Force, parallel to i 
Line L M, do ſupervene, which attracts cowards Wl 
and is repreſented l the Body u 
go forwards in the Diagonal LQ, and the Id 
of Inclination ML Q. will be le pak MEE 5 
"LT 2254 AIST A > FI Jobs of'5 « ord 
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armer Angle of Inclination: Or thus, like as 
hilſt the Body goes forward from L to'F by its 
tu roper Motion, /itiithe like attracting! Force pa- 
irbingellel to the ſame L. M ſupervenes, which attracts 
ventihWhe contrary way, but nevertheleſs is repreſented 

y an equal Line, the Body will go forward in 
d nocher Diagonal, and the Angle will be greater 


. 


of th han the former Angle: Soit-muſt happen i like 
lipicWnznner in: our preſent Caſe,''s.' . thar'a)divers 
acct Wnclination of the Plane will ' follow upon che 


d Or 
it dan 
d dh 
tellit 
id d; 


dtion of the Nodes. For when the Nodes are 


xerpetually draws back the Satellice-from the Plane 
f its Orb, diminiſheth the Inclination of the 
lane, in the mean while thae the Satellite paſſeth 
om the Quadratures to the' Conjiniationand 
Dppoſition 3- and inereaſetir the! ſame in the 
ontrary Tranſit; from © whence it comes, that 
he Satellite being placed in the Conjunction and 
Dppoſition ,/ the: Inclination becomes the teaſt 
| all, and returfs to its former Quantity neatly 
1 the Acceſs of tha Moon to the next Node. 
ut if the Nodes ve found in the Odtants next aſter 
cir having been in the Quadracures, that is} 
bout P:and:þ; in ctus Caſe, according to What 
ah been ſald alrdady, the Inclinatſon of /the 
lane is perpetually diminiſnd from either of 
e Nodes unto che goth Degree from thence; 
jen it is increaſtd for the Space of 4 Degrees, 
in the Tranſit iato the next Quadratures; and 
wards again 1 diminifvd for the other 45 
unto the neut Node. So the Incli nation is dimi- 
h'd more than djs intrens d And ſo is always leſs 
the ſubſequent Nod than in the foregoing. And 
the like Reaſoning, the Inclination is increaſed 
dre than it is dimutaſiyd;when the Nodes are in the 
her Octants, or abbut R and r. Therefore the In- 
nation is the greateſt of all, when the Nodes are 


in 


1 the Quadratures; that Motion of them which 


220 Mathematical Philoſophy. 
in the Conjunction and Oppoſition. In their Tn 
Ne from the Com junction and Oppoſition to 
Quadratures, it is diminiſh'd in the Acceſs of t 
Satellite unto them; and becomes the leaſt: of of 
when the Nodes are in the Quadratures , and th 
Satellite in the ConjunRion and Oppoſition; the 
it increaſeth by the ſame Degrees by which it ha 
decreas d before; and the Nodes coming to d 
next Conjunction and Oppoſition, it returns 
its former Magnitude. , E. D. 11 0 
Corollary. From this and the former Propoſi 
on, we may ſolve the moſt known Phenomena c 
the Moon; I mean the annual Regreſs of the Node 
conſiſting of about 19 z Degrees, & that Mutabili 
of the Inclination of the Orbit of this Planet 
in which when the. Nodgs are in the Quadratur 
the Angle of Inclination contains only 4*. 59; 
235": But when they are in the Syrigies, the ſams 
Angle is found to ariſe to about 5% 17'. 200. 
- XXXVIIL Alt che Inequalities which are it 
the Motions of the Secondary: Planets revolving 
about their Primaries, are ſomething greater i 
the Conjunctiom of: the Satellite with the du 
than they are in the Oppoſition-:/ / _ 
Fot ſince QS bears a greater Proportion 1 
QA than QB bears to Q58, by reaſon that 8 
S B, ceterix paribus, dre equal, and that QS 
greater than QA; the duplicate Proportion d 
QM to. Qs, will be greater ſtill than the duphs 
cate Proportion of QS to Om. And conl 
quently the Differenee MS will be greater that 
the Difference m S; and -L M greater than ln 
From whence the Effects derived from this For 
will be greater than thoſe which are derived from 
the other. 9. E. D. artis 1:10 
But it is to be noted, that the Diſtance of t 
Earth from the Sun is ſo vaſtly great, that t 
Difference of the Forces about the Conjunfio 


OY 
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the Moon with the Sun, and about the Oppo- 
jon of the ſame, is very ſmall, and hath ſcarce 
1 diſtinguiſhed yet by any Obſervations. 
2m whence it is not to be wonder'd, that Aſtro- 
"mers have taken no notice of this Diſtinction. 
XXXVIIE The abſolute Force of the Sun in 
e diſturbing the Secondary Planets, and the Ef- 
as thereof in:divers Diſtances from the Sun, is 
the triplicate Proportion of thoſe Diſtances in- 


For let the Diſtance of the Satellite from the 
u be altered; let the Radius of the Orbit of 
Satellite be in the fame Proportion to the. 
er Radius. In this caſe, the Diſtance of the 
condary from its Primary, will be in a given 
oportion to its Diſtance from the Sun: From 
Pence, according to this Hypotheſis, the abſo- 
e diſturbing Force will be as the abſolute Force 
the Sun, or in that duplicate Proportion. 
zus the thing would be, if the Radius of the 
ondary Syſtem had increas'd or decreas'd in 
ſame Proportion, as the Diſtance of the Sun 
asd or decreas'd; fo that they ſhould till. 
p the ſame Proportion to one another; as be- 

But ſince the Radius doth in no wiſe de- 
aſe by the Acceſs of the Sun, or increaſe by 
Receſs thereof, that duplicate Proportion will 
o be increas'd again by the other Proportion 
the Diſtance of the Secondary from its Pri- 
y. From whence the entire compound Pro- 
ion will be triplicate of the former. 2. E. D. 
for Example: Let the Sun be ſuppos'd as 
again to the Earth, as it was before; or as 50 
oo. And let AB the Diameter be equal to 
Parts, the Quantity of the abſolute Force of 
dun at S in the leſſer Diftance, will be Four- 
of the Quantity of the ſame Force in the 
er, Diſtance ; But the Force SM in the leſſer 
Diſtance, 
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Diſtance, will be about Eightfold of the {4 


Force in the greater Diſtance. For 49x ed 
= 2401; and fox fo = 25700. From when ut 
2500 — 2401 =99. And 99 * 99 =98or ; wile! 
100 X 100 — I From whence 1000 ae 
5801 = 199. Therefore the Difference of . 
abſolute Force is almoſt in the double Proporta il 
or as 199 is to 99. And the mean abſolute Fol thi 
ces themſelves are in the. Quadruple: ProportionOutu 
or as 4 to 1. Therefore the entire abſolute Fg 
compounded of them, is 4 * 12 8 to 14K 11e 
or in the reciprocal triplicate: Proportion of i th 
Diſtance nearly. And ſince the apparent Diam th 
ter of the Sun is almoſt in the — rope P 
tion of the Diſtance, and the Force of the CHD 
tral Body is alſo nearly the ſame; the Sun's Fomgbt. 
whereby he difturbs the Satellite, and the Efe C 
of it, will be in the direct triplicate ProportiofÞd ſ 
af the Sun's apparent Diameter very neatly. een 

_ Scholium (1.) In the ſame manner whereas « 
the Sun placed without the Orbit of the SecondaWd t 
ry Planet diſturbs. the Motion thereof; the ſiu n 
rior Planets will diſturb the Motion of the lou $6: 
and Comets will diſturb the Motion of all Man 
Planets. And the Actions of Planets and Com ſten 
upon other Planets, will produce the like Effeuſ r 
though far leſs indeed, by reaſon of the Smalneſi Milies 


their Bodies, if compared with the Sun, and the n{Wtio 
Diſtances. But ſome Effects there will be yea 2 
the Actions alſo of the inferior Planets upon tl 
ſuperior ] which if they continue; and be fort 
moſt part directed the ſame way,; will at leng 
become ſenſible. As for Example: The Af 
of the Orbit of the Earth will, after m 
Years, be moved towards the conſeque 
Signs»; although this Motion muſt neceſſarity 
very ſmall, if compar'd wich the Motion _ 
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oſides of the Moon t ſame way. Thus, in- 
ed, the Eccentricity of the Orbit of the Earth 
uſt be ſubje& to ſome Mutation; which, ne- 
.nheleſs, is ſo ſmall, that it can ſcarce: be col- 
ted from any Phænomenon. 
Scholium (2.) And thus the ſuperior Planets 
il ſenſibly diſturb the Motions of one another, 
they be great ones , and tarry long about their 
utual Heliocentrick Conjunction, they be- 
chen placed at the leaſt Diftance from 
e another. Thus the Action of Fupiter up- 
mme Secondaries of Saturn, and of Saturn up- 
2 thoſe of Jupiter, the mutual Gravitation of all 
e planets one to another, which we have Al- 
ay proved, being ſuppoſed, is in no wiſe to be 
Wobicd, at what time they are ſeen from the Sun 
AS Con junction. For they are great Bodies, 
d far exceeding our Earth in Magnitude, and 
e near enough at that time, to make the Ef- 
ds of their diſturbing Forces become ſenſible. 
id that they are indeed ſenſible to us, will be. 
wn hereafter from Aſtronomical Obſervations. 
WM Scholium (.) It is eaſy,tojeſtimate: the, divers 
vanities of the Sun's. diſturbing Force in the 
ſtem of Jupiter and that of Saturn, from the 
own Quantity of the lamp. Force in the Ango 
ilies of our Moon. For from the known Pro- 
tions of the Diſtances of thę Earth, and Ju- 
and Saturn from the Sun; and the known 
fects of the ſaid Force in the Moon, by. 2 cer-; 
n Proportion of like Effects on both Sides, ob- 
ved by Sir Iſaac Newton; the Effects of that 
rce, in the Syſtems of Jupiter and Saturn, may 
determin'd without much Difficultx. 
XXXIX. A Problem. To find the Proportion 
wixt the Force whereby the Motion of a Sa- 
ite is diſturbed by che Sun, and the rs 
c where 


Ln 


224 Mathematical Philoſophy. 
whereby a Satellite is retained in its own Of 
about its Primary, Which is called its Gravitatia 
cowards its Primary. < 

For the whole diſturbing Force is compoundg 

of the diſturbing Forces LM or Im, and 8 
or Sth: And alſo by reaſon of the w# 
Diſtance of the Sun , the Line LQ or 10 
is almoſt parallel co the Line MQ; and cot 
ſequently the Force L M or Im is very near equi 
to its mean Quantity, or to the Radius of thy 
Satelles SP or S p: And likewiſe by reaſon of the 
Sun's vaſt Diſtance S M or Sm, or LP and 1p, 
are equal to treble the Line K P or k p. Fror 
whence, ſince in the Triangle S KP or Sky, 
which is Rectangular at K or k, the Angle K5SP 
or k Sp is the Diſtance of the Satellite from th 

Quadrature; and the Side K P or kp is the right 

Sine to the Radius SP; the diſturbing Force S 

or S m will be to the diſturbing Force LM or lu 


as is the Radius to the treble of the Right Sine s; 
the Diſtance of the Satellite from the next Ou! 
drature. From whence, if the Proportion of ind 
diſturbing Force SP or Sp to the Centripeu bol 
Force of the Primary, or to the Force of Gh 
vity, were once known, the diſturbing Foto n 2 
S Mor Sm would eaſily become known. Which ma 
3 we find out by this Method. The M rce 

urbing Force SP or Sp is to the Centripeuſ the 
Force of the Primary towards the Sun, as tt o 
Line Sp or Sp is to the Line SQ; or as the Fo 
ſtance of the Satelles from its Primary, is to thay, ( 
Diſtance of the Sun from the ſame Primary. BuWicy) 
the Centripetal Force of the Primary towards thn tf 
Sun, is to the Centripetal Force of the Second NI. 
ry towards its Primary, as the Squares of the p*yMhere 
riodic Times drawn into the Radii of the Circl*Wrima 
er as SQ istoSPorSp; and as the Squares form 
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the periodic Times together. From whence, by 
Equalicy of Proportion, the Quantity of the di- 
ſurbing -Force will be to the Force of Gravity 
(the former Proportion of SP or Sp to SQ de- 
ſtroying the other reciprocal Proportion of SQ 
wSP or Sp,) as the Squares of the periodic 
Times. 2, E. D. | 
Coroll. Since therefore the periodic Time of 
he Moon is 39343'; and the periodic Time of 
he Earth about the Sun is 525969'; the diſturb- 
ng Force SP will be to the Force of Gravity 
owards the Earth, which is at the Moon, as 
19343 X 39344" is to 525969 x 525969'; that is, 
51547871649 is to 276643388961; or as 1 is to 
78. And ſince the Force SM or Sm in its 
reaceſt Quantity, or in the Conjunction and 
Dppoſition, is to the former Force as 3 to 1; the 
orce SM or S m in the Conjunction and Oppo- 
tion, will be to the Force of Gravity as 3 is to 
86, or as 1 is to 5933. Therefore that diſturb- 
g Force of the Sun SM or Sm, is in the Con- 
nction and Oppoſition about a 6oth Part of the 
hole Force of Gravity in the Moon towards the 
arth. Or rather the Force SP or Sp being ta- 
n away in this Caſe from the Force SM or Sm, 
may very well be done, the whole diſturbing 
ce in the Conjunction and Oppoſition will be 
the Force of Gravity as 1 is to 89x, or a goth 
rt of the ſame nearly. And in other Places, 
Force S Mor S m will be to the Force of Gra- 


to they, (the whole Sine being put to be equal to 
y. Wit) as treble the right Sine of the Diſtance 
rds tum the next Quadrature is to 1783. 


AL. If many fluid Bodies, either diſtin, or 
tered together into one Fluid, be moved about 
nmary Planet; èach Part of the Fluid in v* * 


lorming its Motion about the Primary after the 
manner 


manner of a Satellite, will come nearer to the 
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Primary, ceteris paribus, and be moved more ſwift 
ly in the Conjunction and Oppoſition of the 
ſame, and of the Primary, than in the Quadn. 
tures. And the Nodes of this Ring, or its Inter. 
ſections with the Plane of the Ecliptic, will ref 
in the Conjunction and Oppoſition. But our 
of Conjunction and Oppoſition, they will be 
carried towards the antecedent Signs ; and thi 
moſt ſwiftly in the Quadratures, more lowly in 
other Places. The Inclination of the Ring alſo 
will be varied; and the Axis thereof will be mo- 
ved to and fro in each monthly Revolution ; and 
the Revolution being compleated, it will return 
to that Poſition which it had before; ſo far as iti 
not carried about by the Preceſſion of the Node 
All theſe things do follow of their own accort 
from what hath been already demonſtrated ; and 
ſo do not require a peculiar Demonſtration. 
Corollary, From hence ſome of the Phænomen 
of the Ring of Saturn, if ſo be it be a Fluid, m 
eaſily be underſtood. Yea, indeed, if it be ſolid 
the Nodes of the ſame, its Interſections Im 
with the Ecliptic, will reſt in their Conjundic 
and Oppoſition, when the Sun is found in tl 
Plane of the Ring, as well as in that of the Ech 
tic. But out of the Conjunction and Oppoſiti 


W 


=D 


— 


they will go back, and this moſt ſwiftly in . F 
Quadratures, and more ſlowly in other Pan, 
The Inclination of the Ring will alſo be vate onſt 
and the Axis thereof in each Revolution a our 
the Sun will nod, and twice vary its Inclinaui ll cc 
towards the Ecliptic , and twice return to its Hand 
mer Poſition, only it will be carried about hi our 
Preceſſion of the Nodes, as is manifeſt i 

what has been already ſaid. 044 


XII. 
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th BY XLI. If a Fluid be contain'd in a Channel 
+, borm'd in the Surface of any Planet, Primary or 
the M'Secondary, and be uniformly revolv'd together 
am. WM with the Planet with a diurnal periodic Motion; 
each Part of this Fluid will be accelerated and 
retarded by turns, in its Conjunction and Oppo- 
ſtion; or at Noon-day and Midnight, will be 
wifter ; in the Quadracures , or at the 6th Hour 
Evening and Morning, it will be flawer than the 
ontiguous Surface of the Globe ; and thus it will 
low in the Channel,and return back. by turns per- 
xetually, For the Fluid will be diſturbed by the 
mequal Attraction of the Sun, becauſe the At- 
ration of the nearer Parts will be greater, 
nd that of Parts more remote leſs; while 
e Force LM or Im will draw the Fluid 
own in the Quadratures, or at the 6th Hour in 
e Evening and Morning ; and make that the 
arts of it, which are placed there, ſhould de- 
end unto the Conjunction and Oppoſition, or 
to the Noon and Midnight; and the. Force 
M and S m will draw the ſame upwards in the 
onjunction and Oppoſition, or ſtop the Deſcent 
it, and cauſe it to aſcend unto the Quadratures ; 
d thus perpetually. 

Coroll, Hence we learn the Cauſe of the Flux 
d Reflux of the Sea. If we allow the diſturb- 
p Force of ché Moon, as well as of the 
In, and duly apply what hath been alreadly de- 
onſtrated to the preſene Caſe. But this ſo well 
own and ſtupendious Phænomenon of Nature, 
come to be treated of afterwards more large- 
and diſtinctly; to which Place therefore we re- 
our Reader, ' be 
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LE Cr. XXL 


XLII. F a Solid Ring be put about 1 
i Globe perfectly ſpherical at the 
1e Equator of the ſame, and fli 


2 to it; there will indeed be m 
Motion of Flux and Reflux 

but the vibrating Motion of Inclination, and thy 
Preceſſion of the Nodes, will remain. Let the 
Globe have the ſame Axis with the Ring, ant 
compleat its Revolution in the ſame time; an 
with its Surface- touch the Ring inwardly, a 
cleave to it; by its participating of the Moti 
thereof, the whole Frame will vibrate to and fr 
and the Nodes will go back. For the Globe, 
above ſhew'n, is indifferent to receive all Impre 
ſions. The greateſt Angle of Inclination of ti 
Ring without the Globe, would be where the Nod 
are in the Conjunction and Oppoſition. In the 
Progreſs from thence to the Quadratures, t 
Ring endeavours to diminiſh its Inclination, a 
by that Endeavour impreſſeth its Motion upont 
whole Globe. The Globe retains the Moti 


impreſs'd , until that the Ring by a contrary b 
— takes away this Motion, and impreſs the 
new Motion upon the contrary Part. And tl, 
the greateſt Motion of the decreaſing Inclinaii . 
is in the Quadratures of the Nodes, and the la" t. 
Angle of Inclination is in the Octants after 2 1 
Quadratures. Then the greateſt Motion of H :* * 
clination is in the Conjunction and Oppolitalit *. 


and the greateſt Angle in the next Ocants, 
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he Caſe is the fame with a Globe with- 
we 2 Ring, which either is ſomething 
igher in the Parts about the Equator than abour 
ke Poles, or conſiſts of a more denſe Matter. 
or that Exceſs of Matter in the Parts about the 
quator-ſupplies the Place of the Ring. 
Coroll. (x.) For the ſame Reaſon that the re- 
undant Matter of the Globe cauſes the Nodes to 
> back, and conſequently by the Increaſe there- 
cauſeth the Regreſs to increaſe, and by the 
iminution thereof that the ſame Regreſs ſhould 
diminiſhed, and by its being taken away that 
e Regreſs ſhould ceaſe ; it will come to paſs, 
at if more than the redundant Matter be taken 
ay, or, which comes to the ſame, if the Globe 
more depreſs'd, or of a rarer Subſtance towards 
Equator than towards the Poles , the Motion 
the Nodes will be forward, or towards the 
nſequent Signs. 
Coroll, (2.) Hence alſo, from the Motion of 
ddes, the Conſtitution of a Globe may be ga- 
red: To wit, if the Globe conſtantly keep the 
e Poles, and the Motion be'towards the ante- 
lent Signs, the Matter about the Equator is re- 
dant, but if towards conſequent ones, defici- 
Let us ſuppoſe a Globe uniform, and per- 
ly ſpherical, firſt to reſt in a free Space, and 
by ſome Force, whatever it be, impreſs'd 
the Surface, to be driven forwards, and from 
nce to acquire a Motion pug circular, parts 
treight forward. Becauſe the Globe is indif- 
nt to all Axes paſling through its Center, and 
d more determind to one Axis, or one Situa- 
of the Axis than to another; it is manifeſt, 
it will never change its Axis, or the Inclina- 
of the ſame, by any Force of its own. Now, 
he Globe be impell'd obliquely in that ſame 
Q 3 Part 
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Part of the Surface, as before by ſome new In 
pulſe ; ſince the Impulſe, whether it be ſooner 
later, makes no Alteration in the Effect; it 
manifeſt, that theſe two Motions impreſs d ſuc 
ceflively, will produce the fame Motion, as i 
they had been impreſs d at the ſame time; thats, 
the ſame as if the Globe had been impell'd at ff 
with a ſimple Force compounded of both Impul. 
ſes ; and conſequently a ſimple Motion about u 
Axis of a given Inclination. And the ſame is the 
Reaſon of the Second Impulſe made in any othe 
Place of the Equator of the firſt Motion, as of the fil 
Impulſe made in any Place whatever in the Equat 
of that Motion, which the ſecond Impulſe withou 
the firſt would produce; and conſequently of In 
pulſes made upon any Places whatever. The 
will generate the ſame circular Motion, as if t 

had been impreſs'd at one and the ſame time ij 
on the Place of the Interſection of the Equat 
of thoſe Motions, which they had ſeverally pen 
rated, if they had been impreſs'd aſunder. I. 
Homogeneous and perfect Globe therefore dot 
not retain more diſtin Motions ; but compor 
all the impreſs d ones, and reduceth them to ont 
and is in it ſelf perpetually revolv'd, by aſiny 
and uniform Motion, about a ſingle Axis 0 
given Inclination, as being always invaritt 
Nor can a Centripetal Force, tending tow! 
any extrinſick Body whatever, change the In 
nation of the Axis, or Velocity of the Rotati 
If a Globe be underſtood to be divided into 
Hemiſpheres by any Plane whatever paſt 
through its Center, and through the Center ul 


which the Force is directed, that Force vil * 
ways urge both Hemiſpheres equally, and ſo! 0 . 


Globe, as to the Motion of Circumrotation, 
incline to neither Part. But let new . 
e Tac » : >. i - , 2 
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added ſomewhere betwixt the Pole and the Equa- 
tor, heaped up in the Form of a Mountain: 
This will both diſturb the Motion of the Globe 
by the perpetual Endeavour of departing from the 
Center of its Motion, and will make the Poles to 
wander over its Surface, and to deſcribe Circles 
about it ſelf, and its oppoſite Point. Nor will 
that Irregularity be corrected, but either by pla- 
cing the ſaid Mountain in one of the Poles, in 
which Caſe, as was ſaid be fore, the Nodes will go 
forwards ; or in the Equator, and then the Nodes 
will go back; or by adding ſome new Matter on 
the other Part of the Axis to counterpoiſe the 
lountain in its Motion. And thus the Nodes 
ill go forwards ar backwards, as the Mountain; 
and the new Matter added on the oppoſite Part, 
Ire nearer to the Pole, or to the Equator. 

Coroll, (3.) Since therefore it is manifeſt from 
ſtronomical Obſervations, that the Nodes of the 
quator. of the Earth do perpetually go back 
bout 5o” in every Lear; which Regreſs is called 
he Preceſſion of the Equinox; it follows, that 
he Equatoreal Parts of the Earth are higher than 
he Polar. And, vice versd, ſince from the Di- 
rnal Motion the Figure of the Earth is, as will 
: ſhew'd afterwards, that of an oblate Spheroid, 
the Polar Parts being more depreſs'd than thoſe 
bout the Equator;) it is manifeſt from thence , 
At = Nodes of the Equator muſt go back 
early. | 

Coroll, (4.) From what hath been ſaid, it is 
ſo manifeſt, that the Axis of the Earth will vi- 
ate to and fro yearly; and in every annual Re- 
lution be inclin'd twice towards the Equator, 

d twice return to the former Poſition. It is ma- 
feſt alſo, that the . ry Motion of the de- 
eaſing Inclination of the Plane of the Equator, 
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and of the Ecliptic, doth happen in the Quadrz 
tures of the Nodes; and that the leaſt Angle of 
Inclination falls in the Octants after the Quads. 
tures, or about the Middle of Leo or Aquariu, 
Laſtly, that the greateſt Motion of Inclination 
falls in the Conjunction and Qppoſition of the 
Nodes, or in the Equinoxes; and the greateſt 
Angle of Inclination in the next Octants, ot 
about the Middle of Taurus or Scorpio. But by tea. 
ſon of the Smalneſs of theſe Motions, theſe 
Effects will be altogether inſenſible, and to be 
diſcover'd by no Obſervations of Aſtronomer. 
But it is to be noted, that contrary Effects were 
to be attributed to our Earth, if ſo be the Pans 
about the Equator were more. depreſs d than the 
Polar. 

Coroll. (5.) And from hence the Evaſion dt. 
viſed by the Famous Dr. Gregory, to ſhew that the 
annual Parallax of the Fixed Stars is built upon: 
weak Foundation, and that neither the Diftance 
of the Fixed Stars, which are obſerved, nor the 
annual Motion of the Earth, can be certainly 
concluded from thence; this Evaſion, I ſay, al 
to the Ground. Let us produce in this place 
the Words of Dr. Gregory, and ſpare ſo much tim 
as to debate this Matter with him particularly 
Mr. Flamſteed's Method of obſerving the Px 
gallax of the Fixed Stars, hath been explain dh 
us in our Aſtronomical Lectures, to which I 5+ 
fer you. Now, from this Method rightly under 
ſtood, it is manifeſt, that the Polar Star, for In 
ſtance, is more diſtant from the Pole about tit 
Summer, than about the Winter Solſtice ; and 
this by a very ſenſible Difference, as being 
bout 40” or 45”. From whence Mr. Flamf 
eoncludes, that the Earth muſt certainly be mor! 
about the Sun, and that the Fixed Stars are ſu 
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ect to a Parallax ſenſible enough, and that their 
Diſtances conſequently may be gathered from 
thence. Now , what doth Dr. Gregory ſay to this? 
Doch he deny the Obſervation it ſelf? No, in no 
wiſe. Doth he aflign for the Cauſe of the ſaid 
Difference of Diſtance , that very ſmall Nutation 
of the Axis of the Earth, by which he ſuppoſeth, 
ith Mr. Flamſteed, that the Inclination of the 
Ecliptic to the Equator is leſſen'd about the Sol- 
tices, and increas'd about the Equinoxes? No, 
ot this neither. For Mr. Flam#eed had ſhew'd, 
hat that very ſmall Nutation doth rather confirm 
han weaken his Opiniorf. What therefore 
e attributes the ſaid Phænomenon to, as its Cauſe, 
et us hear his own Words, Page 275. © This 
Method, ſaith he, ſuppoſeth the Axis of the 


n de Earth to be always moſt exactly parallel to it 
t the (elf, when it is in the oppoſite Points of its 
oni own Orbit, where the Obſervations are made. 


And why ſhould it not ſuppoſe this, or that it is 
arallel to ir ſelf exactly enough for the preſent 
Purpoſe ? But he — on: ] © Although that 

ſmall Nutation of the Axis, of which we ſpoke 


Obſervation; yet there is another Nutation of 
it, which may produce the Diverſity of the 
Diſtance of the Polar Star from the Pole; that 
is, if the Southern Hemiſphere of the Earth 
be of a more denſe Frame than the Nortbern 
( whether it be from hence that that hath leſs 
dummer than this, and therefore more cold; 
or from the Inequality of the Continents about 
the Poles, or from ſome other Cauſe unknown 
to us,) ſince at the Winter Solſtice, the Son- 
tbern Pole inclines to the Sun, and is withal 
nearer to it than the Nortbern, and in the Sum- 
mer Solſtice this latter inclines to the Sun 7 — 

3 


juſt now, doth in no wiſe hinder Mr. Flamſteed's 
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Axis of the Earth will be more inclin'd to the 
Plane of the Ecliptic in Winter Time, than in 


the Summer; and the Angle whereby the Pola 
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cc 
cc 
cc 


0 


6 


ce 
cc 


© cedin the Soutberndigus may ſo attract the South 


Star is diſtant from the Pole, would be leſs x 
the Winter than the Summer Solſtice, altho 
the Pole Star were placed at an infinite Di. 
ſtance, and the Lines drawn from thence to 
the Magnus Orbis were to be reckoned for pr 
rallel. Since therefore the whole that can be 
made of Mr. Flamſteed's Obſervation is this, 
that the apparent angular Diſtance of the Po- 
lar Star from the Pole, is leſs in the Summer 
Solſtice than in the Winter; and this may 
ariſe from two Cauſes, either from the Con- 
courſe of right Lines drawn from the Earth to 
the Polar Star, in divers Situations of the 
Earth to that Star, if the Earth's Axis in one 
of the Obſervations be parallel to it ſelf in 
another, which Mr. Flamſteed ſuppoſeth ; or 
from the Concourſe of right Lines coinciding 
with the Axis of the Earth in its divers Situs 
tions, the Polar Star being ſuppos'd to be inſ - 
nitely diſtant ; the Parallax of the Fixed Star 
cannot be certainly concluded from that Obſer. 
vation. Becauſe the whole Obſervation may 
conſiſt, and the right Lines drawn from dive 


Places of the Earth in its Orbit to the Pole Stat 


infinitely diſtant may remain parallel; tho tht 
Parallax of the great Orb, with reſpe to thit 
Star, be ſuppos'd to be none at all. Yea, th 
Obſervation (ſaith he) doth not ſo much 
prove immediately the annual Motion of tit 
Earth. For although the Earth remains in tt 
middle (making by its Rotation about its A 

as in the Semi-Tychonic Syſtem, the apparel 
Diurnal Motion of the Stars, ) the Sun when pl 


Hen 
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Hemiſphere of the Earth, which is then nearer, 
and is perhaps more denſe, that the Diſtance 
of the Polar Star from the Pole at the Time of 
the Winter Solſtice, ſhould be leſs than the 
ſame Diſtance is when the Sun is placed in the 
Northern Signs, where it is more remote from 
the Hemiſphere that is then turned to it; from 
which and the leſs Denfity of the ſame Hemiſ- 
phere, which is perhaps conjoin'd therewith, 
it is no wonder that this Hemiſphere ſhould be 
leſs attracted· Thus Dr. Gregory, who deviſeth 
e like Evafions for the reſt of the Obſervations 
Mr. Flannſteed and Dr. Hook on this Subject. 
ut I anſwer, 
1.) That, as to the aſſigned Cauſes of the 
utation of the Earth, the leſs Summer, to wit, 
the Southern Hemiſphere, and greater Cold, or 
e Inequality of the Continents about the Poles ; 
this Learned Man would derive that Denſity of 
e Southern Hemiſphere above the Northern» from 
eſe Cauſes, which may ſuffice to the moving of 
Earth ſo many Seconds from its former Poſiti- 
; he might as well go about to move Mount 
ucaſus from its Place with a Leaver. I do ad- 
Ire at his Ungeometricalneſs in this Buſineſs, 
at he would not firſt eſtimate in ſome ſort the 
drce and Quantity of theſe-Cauſes, before he 
ributed ſo huge Effects to them. Bat bis Pru- 
ce is to be commended, that he added, or from ſome 
er Cauſe unknown to us: For he knew very 
l, that an unknown Cauſe cannot be compu- 
l. But in the mean while I will ſpeak freely 
d openly, that there can be no Cauſe aflign'd 
this divers Denſity of the Hemiſpheres of the 
th, which he ſuppoſes, but what is contrary 
the Mechanical Formation of the Planets, and 
modern Phænomena of Nature. For, 


(2.) If 
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(2.) If one Hemiſphere of the Earth was a littls 
higher or denſer than the other, that Nutation of 
the Earth which he hath deviſed, would in 0 
wiſe follow from thence. For in this Caſe , the 
Axis of the Globe would nodd indeed, but | 
that the Angle of the Inclination would twice in 
2 Year return to its greateſt , and twice to it 
leaſt Quantity; and this ſo that that Angle woull 
be of the ſame Quantity in both the Solfticez 
which plainly undermines the Foundations of bi 
Hypotheſis. PRE ig 

(3.) From this unequal Altitude or Denſity of 
the Hemiſpheres of the Earth, if ſo be it ex. 
ceeds the Altitude or Denſity of the Equator, 
the Progreſs of the Equinoxes would follow: 
Whereas it is a thing certain, and acknowledg{ 
by Mr. Gregory himſelf, and every one, that they 
continually go backwards, and not forwards. But i 
he aſſign the Inequality to be ſuch only, as not to 
infringe the greater Altitude or Denſity of the 
Equator ; ſo that ſo much as the Parts about one 
Pole do exceed the Equatoreal Parts in Altitude, 
ſo much the Parts about the other Pole fall ſhon 
thereof: Neither will this be any Help to his 
Cauſe. For becauſe of the Defe& of Force in 
one Hemiſphere , which compenſates the Excel 
in the other; the Forces on both Sides will be in 
2 poize, and there will be no entire Force whid 
ſhould move the Axis, and cauſe any Nutation, 

So that neither from that unequal Altitude 0 
Denſity ſuppos d, will his ſuppoſed Nutation d 
the Axis in any wiſe follow. 

(4.) If we ſhould, for Diſputation's Sake, ſup 
poſe that Nutation of the Axis, neither yt 
would this Learned Man attain his Aim. For be 
ſuppoſeth ſuch a Nutation, as would reduce tit 
Axis in one of the Solſtices unto the teaft Aub 


In 
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f Inclination , and unto the greateſt in the 
her. Now from the Principles of Sir Iſaac New- 

before laid down, which are Dr. Gregory's 
inciples likewiſe , it would follow, that the 
ateſt Angle of Inclination of the Axis will be 
the Octants after the Conjunction and Oppoſi- 
on of the Nodes, and the leaſt in the Octants 
fer the Quadratures of the ſame; ſo that as we 
id before, in both the Solſtices themſelves, 
hich are in the Middle betwixt the greateſt and 
it Angle, no Diverſity at all of the Angle of 
clination is to be expected. From whence alſo, 
hich is to be noted by the way, both Mr. Flam- 
ad himſelf; and Dr. Gregory who follows him, 
e alcogether miſtaken, when they ſuppoſe that 
tation of the Axis, to which the Preceſſion of 
e Equinoxes is owing , can have any place 


re. | 
Kh (5.) If, laſtly, we ſhould be minded to ſuppoſe 
je Nutation of the Axis, to be in the Time, 
d to the Parts affign'd by Dr. Gregory; the 
uantity of Inclination would be far leſs than 
produce Mr. Flamſteeds Parallax, Let us 
Int to him, that the Axis of the Earth doth vi- 
te to and fro every Year; let us grant alſo, 
t in one of the Equinoxes this Nutation is to 
e one Part, and in the other Equinox to the 
nerary; ſo that the greateſt Difference poſſible 
duld ariſe from thence. Yet, how very ſmall 
this Difference be: To wit, according to the 
alculation we made formerly, ( ſee Le#. Aſtron. 
ge ) it is manifeſt, that this huge Nutation 
ich ariſeth from the ſenſible Altitude of about 
Miles, whereby the Semi-diameter of the 
Juator exceeds half the Axis, did only amount 
a Part of one Second. What therefore is this 
nute Difference to the Parallax, which ariſeth 
to 


N mers. 
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to three whole Quarters of one Minute? N 
Cauſe therefore is in no wiſe ſufficient to tld 
Effet. To conclude, it. is moſt certain th 
this Evaſion of Dr. Gregory's, whereby he wor 
Mew that the annual Motion of the Earth do 
not follow upon Mr. Flamſteed's Obſervations, 
no ſmall Error of his, and leaves a blemiſh uns 
a Work otherwiſe valuable for Demonſtratio 
ſtrictly geometrical, a Beauty not to be met wit 
often elſewhere in Phyſical Tracts. 

Scholium. But it is to be noted, that the Fama 
Mr. Flamſteed hath not ordered his Reaſoning; 
together rightly in this Place, which the Fa 
have lately noted ; and hath ſometimes deduce 
the Parallax of the Fixed Stars from Phznomen 
in no wiſe proving it. But yet when I looke 
more narrowly into this Matter, Eleven 
Fifteen remarkable Obſervations, which t| 
French allow to be true, and agreeing with thei 
own, do even yet ſhew the Parallax of the Fire 
Stars; and of thoſe Four that ſeem to diſapre 
with it, there is only one of that Quantity a1 
give us any Trouble in this Buſineſs; whichthe 
fore it is reaſonable to think to be owing to ſon 
Miſtake, whether in the obſerving or in the wi 
ting. Eſpecially ſince the like Parallax ſeems m 
nifeſtly to appear from the accurate Obſerrati 
ons of Dr. Hook. But theſe Things we leave 
the further Diligence and Scrutiny of Aſtron 
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L 3 CT. AS 
III. 2 F each particular Body of any 
1 9 Syſtem, as A and B ſeverally 
oF | So conſidered, draws all the reſt 
Ae of the Bodies with accelera- 
tive Fotces, which are as the 
ures of the Diſtances from the attracting Bo- 
WW ceciprocally, the abſolute Forces of all thoſe 
xdies will be one to another as are the Bodies 
emſelves. 
Let the Body A, by its accelerating Force re- 
eſented by a, draw the Body B; and becauſe 
the Diſtance which is on both Sides the ſame, 
B reciprocally draw A by the Force repreſent- 
by b The Quantity of Motion is on both 
les equal, becauſe of the Reaction that is on 
Sides equal to the Action: And that Quan- 
of Motion doth altogether ariſe from the Ve- 
ity drawn into the Quantity of the Matter. 
erefore the Rectangle A x b is equal to the 
tangle B x a. And conſequently the accele- 
ting Force of the Body B will be to that of the 
ddy A, at equal Diſtances, as the Body B is to 
And conſequently the abſolute Forces of the 
dies will be one to another, as the Bodies 
emſelves: To wit, the Sum of equal Forces | 
nding every where unto equal Parts, at equal 
ſtances. ©, E. D. | 
Scholium. By ſuch like Propofitions, we are led 
to the Analogy betwixt Centripetal Forces and 
ntral Bodies, to which thoſe Forces are direct- 
For it is reaſonable to think, that the — 
whic 
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are directed towards Bodies, ſhould depend uy 
the Nature and Quantity of thoſe Bodies, x 
comes to paſs in Magnetics. And as often 
theſe Caſes happen, the Attractions of Bodies y 
to be eſtimated by aſſigning to each Part of the 
its proper Force, and ſo gathering the Forces in 
one total Sum. But as for the Word Arad en 
we uſe it here generally for any Endeavour uu 
ſoever of coming unto another , which is foy 
in Bodies, whether that Endeavour be from f ce, 
Action of Bodies, either of themſelves tendiafid 
to one another, or by mutual Emiflion of Spui lot 
acting one upon the other; or whether it ai i 
from the Action of the Ether, or Air, or » 
Medium whatever, corporeal or incorporell 
which forces the Bodies floating in it towards oli! St 
another. In the ſame general Senſe, we uſe thiMhro: 
Word Impulſe ; not conſidering in this place ¶ | 
phyſical Species and Qualities of the Forces, balliirch« 
their Mathematical Quantities and Proportiom rian 
as we propos'd above in the Definitions. Mes 
which Conſideration of them, the Quantities W ak: 
the Forces are to be ſearched out and defin'd, ally c 
thoſe Proportions which follow upon any Condning 
tions whatever that are ſuppos'd. But when we i N anc 
fcend unto Phyſics, theſe Proportions are to | 
compared with the Phznomena, that it may the 1 
known what Kind of Force it is which agreest 
each Kind of attractive Bodies. And then litt 
may at length, and not till then, ſafely diſ k! 
concerning the Species, Cauſes, and phyſo ht L. 
Reaſons of Forces. Let us ſee therefore by wit 
Forces Spherical Bodies, ſuch as are commonifiies, : 
the greater Bodies of the World, the Sun, Fix 
Stars, Planets, and Comets, conſiſting of att 
ctive Particles in the manner juſt now deſign i cont 
| OV atio, 


\ 
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weht to act one upon another; and what Sort of 
otions will follow from thence. ' | 

XLIV. If towards each equal Points of a Sphe- 
ical Phyſical Surface of equal Thickneſs ev 
there, but which Thickneſs is ſo ſmall that 1 1 
ot to be regardrd , there be a Tendency of equal 
entriperal Forces decreaſing in the duplicate 
roportion of the Diſtances from the ſame Points; 
y Corpuſcle placed any where within this Sur- 
ce, will not be attracted unto any Part by the 
id Force; but will either reſt, or continue that 
otion which is begun without any Diſturbance, 
d in the ſame manner as if it were ated upon 
ith no Force at all from that Surface. ww 
In Fig. 5. Plate 6. let HI KL be that ſpheri- 
| Surface, and P a Corpuſcle placed within it. 
hrough P let there be drawn to the Surface any 
ce Ho right Lines, intercepting the very ſmall 
ches HK; I L. And here becauſe the 
rio Miriangles HPI, LPK are ſimilar for the Ar- 
es HI and K L are ſoWmall, chat they are to 
taken for right Lines; and the Angles verti- 
ny oppoſite. at P are equal; and the Sides con- 
ondning their equal Angles are {by III. 35- with VI. 
we G and VI. 6. of the Elem.) on both side propor- 
nal] therefore thoſe Arches will be proportional 
the Diſtances HP and LP; that is, PH will be 


PL, or PI to PK, as IH is to KL. And 
n ly little Portions of the ſpherical Surface at HI 
lip K L. bounded on every Side by innumerable 
iy (cit Lines paſſing through the Point P, whether 
wu be Polygons or Circular, will be ſimilar Fi- 


es, and conſequently in the duplicate Propor- 
of thoſe. Arches or Diſtances from the Cor- 
aeele. And the whole attracting Forces towards 
gn 4 contrary Parts will, by reaſon of the ngater 
ouzation of the leſſer — and the r _ 


8 o — — — — -- 
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Situation of che gregter, 'tountetpoiſe and d 
ſtroy each other. And by the ſame Argument 
all Attractions throughout the whole Surface wi 
be deſtroy'd by the contrary Attractions. -þ 
conſequently the Body P will be impell d tos 
| Part by theſe Attractions. Q. E. P). 
| Cioroll. (i.) Since therefore any Sphere, whi 
'hath a Concave, Concentric, Spherie Space wit 
in, may rightly be diſtinguiſhed into innumernt 
ſuch like Pherical Surfaces of an inconſſderat 
Crafficude ; and fince from the Foree of th 
Demonſtration, no one of theſe Surfaces can x 
tract a Body placed within ir unto'ariy Part: 
is manifeſt, that the whole Sphere carr impreſs! 
Force upon the Corpuſcle within it. Butt 
this Corpuſcte, if it was in Reſt before; will fi 
reft ; or if it was in Motion before, of what f 
ſoever it were, it will till continue that Mode 
any e f which may be in che ente 
SP ere nottv a „1. „ f 5 29, Ml 
* Coroll. (2) And finte'this thing may with! 
rity of Reaſon be demonſtrated concerning 
Corpuſcles whatever, compounding” what BY 
or Maſs of Matter ſoever; it appears, that 
Bodies whatever, placed within ſuch a Cond 
Sphere, are uncapable of receiving any Imprt 
be any attractive Force of that Sphete. 
8 


roll. (3.) If therefore our Earth, as made bff 
pherical Surfaces compos d of attractiye Pai 
bath à Spherical Central Cavity, Animals la 
there are affected with ho Force of Gn 
rom thoſe Surfaces, and perform their 
tions with the ſame Liberty, as they would 
if there was no ſuch thing as Gravity in N 
And the ſame is to be faid of tlie Planes 
Comets, and of the Sun, and the Fixed Sm 


XL.! 
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XLV. The ſame Things ſuppos'd as 1 A 
xpuſcle* placed without the ſpherical 'Surface 
will be attracted to the Center of the Sphere by a 
Force reciptocally proportional t ro che Diftance 
from the ſame Center. 

In the donble Hg. 6. Plate 6. "8 TROY tere 
qual N (or rather the lame Surface put 
vice) one Mark ' d with rok Letters, = other 
rich ſmall, AHKB, a K b deſerib' from the 
enters 8, s. with bot) Date AB, #b2 and 
P p be two Corpuſcles, { ot rather one and 
e = Corpuſcle laced. 7 divers Piſtandes 
om the Ipherical 8 tface; 3 wictiwut 


the Continuation thoſ- or 
et the right Dine 5 > Xp 
ii be 1 from Rue 85 
f from the rene Th 5. ot 
ches, I K, hk: and by EE 
ter from the former, as ktle a5 m { be, 1 


the Perpen diculars 40 Beer PK, ph: 
d SE, 135 PI. pH and IR. ir 16 'K, pk. 

f which , let 8 D.. d. Cht :p L p pi int „e Pits 
and F. Let there B& let fal allo — — Diame- 
s the | rpencicularLifies T' and bycauſe 
the quatir of che ws 585 tid ds ES, 
bets 155 of the m pg. Ek 1777 

N A 


eg the Lines 
C « Pe bs 1 f HE uf 22 


E, df vanit Rl) wi try . r equal; 
having, heir eee ag 5 
L, 455578 ind 5 Fdse e os 


rockten of, Equality; . FR 1 
in og ke 1 1 5 RT, IVY 12 and 


4 in- 
n — be to the 
R 2 Rect- 
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Rectangle P F into pi, as the Rectangle R I x{ 
is to the Rectangle DF x ri; that is, as Rl 
to ri: that is, in the laſt ſimilar Triangles IR 
ir h (becauſe of the right Angle at R and r; u 
the Angle R HI agreeing to the Angle rhi, 
the equal Circles were applied to each other) 
the vaniſhing Arch IH 1s to the vaniſhing Ar 
ih. Again, in the like Triangles PIQ, Ps 
piq,psf, PIistoPSasIQ is to SE, and 
is to pi as SE or se is to iq. And both d 
equal Proportions being compounded, the Re 
angle PI x ps will be to the Rectangle PS xp 
as the Rectangle IQx*se is to the Recta 

SE .x iq; that is, as IQ is to iq. And bo 
the principal Proportions being compounds 

the Quantity PIx PIX pf xps will be tot 
Quantity pi x pi X PE, xpS; that is, PIq x pfx 
will be to pi 1x PF PS, i as the Rectangle IHxl 
is. to ene Rectangle ihx iq; that is, as theC 
cular Surface or ing which the ſmalleſt 
I H will deſcribe in the Circumvolution of t 
Semicircle AHTB about the Diameter A B, 6 
the Circular Surface or Ring which the ſm 
eſt Arch i h will deſcribe in the Circumvolui 
of the Semicircle a ht b about the Diameter! 

And the Forces wherewith theſe Surfaces do 

tract the Corpuſcles P and p, are, by the Hypo 

ſis, as the Surfaces. themſelves, ſo far as the Sq 
of the Diſtances do not increaſe or diminiſh 
the ſame Forces; and conſequently thoſe Fo 
are as the Surfaces themſelves applied to 

Squares of their rages from the Bodies 1 
| q . 11 X 

Is, as LPG, 5222 517 . 

or as pf x ps is to PFE xv PS. Theſe entire? 

ces like wiſs are tq their oblique Parts, my 
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Revolution made of the Forces tend to the 
enters according to the Lines PS and ps, as 
[is to PQ; and as pi to pq; that is, (be- 
zuſe of the like Triangles PIQ PSF; and pi q. 
;if:) as PS is to PF, and as ps to pf. From 
hence, by Equality of Proportion, the Attra- 


x( 
J 


jon of this Corpuſcle P towards the Center's, 
Si de to the Attraction of the Corpuſcle p to- 
1 ds the Centers 1 f* ps is to VT 
b (| Ads E 3 5 8 P p 5 = 


FxPS; or as PFxpfxpsxps is to 


the Diſtances from their Centers reciprocally. 

And by the like Argument, the Forces where- 
tough the remoter Surfaces deſcribed by the Cir- 
mvolution of the remoter Arches 'H L and hl 
w the Corpuſcles, are as the Squares of the 
ſtances from their Centers reciprocally. And 
Forces of all the like circular or annular Sur- 


es into which both the ſpherical Surfaces may 
* diſtinguiſh'd, 2 taking always equal Arches, 
Fo HK, hk and I TI, iti; or, which is the ſame, 


taking the perpendicular S D equal to sd, and 
equal to s e; the Forces of all theſe annular 
races, I ſay, are in the ſaid Proportion. And 
m thence, the Sum of the Forces, or the Force 
the whole ſpherical Surfaces, will be exerted 
on the Corpuſcles in the ſame Proportion. 


NY r. D. 

b el. (r.) Since therefore every entire Sphere 
e 1 be rightly diſtinguiſh'd into innumerable ſuch 
x "IM concentrical ſpherical Surfaces; and ſince 


m the Force of this Demonſtration any one of 
Surfaces may ſo attract that Corpuſcle, that 
Force of Attraction towards the Center is in 
duplicate Proportion of the Diſtance recipro- 

R 3 cally ; 


fxPExPSxXPS, or alſo as ps Xpsorpsq 
to PSR PSOrPSq; that is, as the Squares 
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cally; it is maniteſt , that the whole Sphere al 
doth ſo attract that Corpuſcle, that the Centr 
petal. Force is in the duplicate Proportig 
of the Diſtance from the Center 'reciprocl 
he” (2.) And ſince the reſt of the obliqu 
Forces IO, i q, eſtimated from the oppoſite K 
miſpheres, are oppoſite to, and deftroy exc 
other; the entire Force exercis'd upon the Cor 
puſcle, will be altogether equal to that For 
tending towards the Center. TR 
Corol. (z.) And feeing the Demonſtratia 
would proceed in the like manner, if inſtead 
one Corpuſcle, any Pody compounded of thok 
Corpuſcles were ſuppoſed (for what agrees to oy 
Particle muſt, by the ſame Reaſon, agree to ei 
ry one, and conſequently to the Sum of them; 
it appears, that every Sphere conſiſting of Pu 
ticles equally attractive, doth ſo attract ere 
Body, that the Quantity of the Attraction 5 
the duplicate Propartion. of the Diſtance fra 
the Center of the Sphere reciprocally. 
Corol. (4.) Therefore the Attraction of f 
Sphere is in the ſame manner, as if the whole 
the Forces tending towards the Center was g 
thered together in the Center it ſelf, and unite 
and propagated it ſelf on every Side round abe 
from that one Poinf 

XLVI. If unto each Point of any Sphet 
which are Homogeneous, or of the ſame Den 
ty, equal Centripetal Forces do tend, decrealng! 
the duplicate Proportion of the Diſtances fr 
the Points; and the Proportion of the Dia 
ters of the Spheres to the Diſtance of the! 
dies from the Centers of the ſame Sphers | 
given: the Forces Wherewith the Bodies ate! 
tracted being eompar'd amongſt themſelyes, 


f 


3 
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found proportional to the Semidiameters of the 
cating Spheres. 

That is, The Forces of the Spheres are as the 
mating Particles themſelves, or, as the 
pheres themſelves ; that is, in the triplicate Pro- 
ortion of the Semi-diameters, to wit, at equal 
diſtances. But when the Diſtances are ſuppos d 
equal, and unequal in the very Proportion of 
e Semi-diameters, the Forces will be diminiſh'd 
Proportion to the Diſtances; that is, by the 
ypotheſis in the duplicate Proportion of the Se- 
1i-diameters of the Spheres. The remaining 
orces therefore, which are to be eſtimated from 
e Exceſs of the triplicate Proportion above the 
uplicate, will be in the ſimple Proportion of the 
emi- diameters directly. 2. E. D. 

Corol. (I.) Hence, if any Bodies bs revolv'd 
Circles about Spheres conſiſting of Matter 
qually attractive; and the Diſtances from the 
enters of the Spheres be proportional to the 
iameters or Semi-diameters of the ſame; the 
riodic Times will be equal. For the Equality 
the periodic Times follows from the Forces in 
8 direct Proportion of the Diſtances ; as we 
ve ſhew'd before. F 7b | 

Corol. (2.) And the Inverſe of it is alſo true; 
the periodic Times be equal, the Diſtances of the 
rolving Bodies from the Spheres, if ſo be the 
e be Homogeneous, or of the ſame Denſity, 
be proportional to the Semi-diameters of the 
heres. | | 

Corol. (3.) And from the periodic Times given, 
gether with the Diſtances of the Bodies from 
e Spheres, the Denſities of the Spheres will alſo 
given: To wit, by computing what periodic 
imes would follow from thence at Diſtances 
oportional to the Semi-diameters of the Spheres, 
R 4 and 
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and by determining from the Exceſs or Defe& of 
the periodic Times, the Defe& or Exceſs of Den- 
ſit ies reciprocally proportional to the ſame. Ex. 
amples of which, in the Sun, Fupiter, Saturn, and 
the Earth, will be produc'd hereafter. 

XLVII. If unto each Point of ſome given 
Sphere, which is Homogeneous, or of equal Den- 
ſity every where, there be a Tendency of equal 
Centripetal Forces decreaſing in the duplicate 
Proportion of the Diſtances from the Points; 4 
Corpuſcle placed within the Sphere, is attracted 
with a Force proportional to its Diſtance from 
the Center — 

In the Sphere AB CD (of Fig. 1. Plate ).) 
deſcribed from the Center 8, let the Corpuſcle P 
be placed; and from the Center S with the Inter- 
val SP, conceive an inner Sphere to be deſcribed, 
to wit, PEQP. It is manifeſt, by Prop. 44 
That the Concentrick Spherical Surfaces,of which 
the Difference of the Spheres is compoſed, the 
Attractions in one part being every where de- 
ſtroy'd by the contrary Attractions, do not at 
at all upon the Corpuſcle P: There remains only 
the Attraction of the inner Sphere PE QF. 
Therefore the Centripetal Force decreaſeth, by 
reaſon of the leſſer Sphere which attracts in the 
triplicate Proportion of the diminiſh'd Diſtance 
from the Center; but increaſeth in the invers di- Scbol 
plicate Proportion of the Diſtance, becauſe oces, « 
the Acceſs to the Center. Therefore the remain-Wmpos 
ing Force, to be eſtimated from the Exceſs of the all 
triplicate Proportion above the duplicate, will be ¶aſſitu 
in the direct Proportion of the Diſtance from the hints, 
Center. DQ. E D. m th 
Corol. (1.) If ſuch a fort of Sphere be boredWual M 
through the Center, all Bodies let fall from a to b. 
Diſtances, whether little or great, will deſceni v. 
RES Uno 


— oe Aro 
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ito the Center in an equal Space of Time; in 
the Space, to wit, of 21“. 9“. in our Earth, as we 
ſerved before. = 
Corol. (2.) And if there be no Medium, which 
fiſts the Motion of the deſcending or aſcendin 
Bodies, every Body let fall will, when it hath 
aſſed the Center, aſcend as far beyond the Cen- 
er as it before deſcended to it; and ſo will, by a 
xerpetual Aſcent and Deſcent, imitate the Moti- 
ns of pendulous Bodies vibrating in a Cycloid. 
\nd theſe Vibrations, if we may ſo call them, 
om Will be perform'd in equal Times. 

Corol. (z.) But if, as many very ſmall Inter- 
7.) Hi as you will, Concentrical to ſuch a Kind of 
e Þ Where, be ſuppoſed to be interpos'd betwixt any 
er- Wpherical Surfaces whatever, and any Bodies what- 
xd, rer be underſtood to be revolv'd in theſe Inter- 
44 His about the Center, like ſo many little Planets; 
ich Wie periodic Times of all theſe Planets will be 
the Neual every where. That is, every Period 
de- {Will be perform'd in the ſame Space of Time, in 
a> Which any Bodv whatever being let down would 
nly MWerform the whole Vibration compounded of 
) F. Woing and Returning : Thus, in our Earth, the 
id circular Periods would be performed in 1 h. 
4.36”, As may eaſily appear from what hath 
en demonſtrated before. 
Sebolium. It is to be noted, that thoſe Sur- 


> of ces, of which we ſuppoſe ſolid Bodies to be 
ain N mpos'd, are not purely Mathematical, or void 
the all Thickneſs ; but ſuch thin Orbs, that their 
11 beFPaſſitude is as nothing. In like manner by 


nts, of which we ſay Lines are compos d, and 
Mm thence Surfaces and Solids, Particles of 
al Magnitude , but which is ſo ſmall that it is 
to be regarded, are to be underſtood, | 


ov. 19. 170F. LECT 
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XLVIILS GAS HEſame Thingsbeing fwoport 
* = a Corpuſcle placed without 


| Sphere is attracted with 1 

e Force reciprocally proporti- 

D onal to the Square of it 

Diſtance from the Sphere. For let the Sphere | 

diſtinguiſh'd into innumerable Concentrical Sphe- 

rical Surfaces ; the Attractions of the Corpuſcle 

ariſing from each of the Surfaces, will be rec 

procally 1 to the Square of the Di 

ſtance of the Corpuſcle from the Center, by 

Prop. 45. And likewiſe by compounding , the 

Sum of Attractions, or the Attraction of the 

whole Sphere, will be in the ſame Proportiot 
2. E. D. 

Corol. (I.) Hence, in equal Diſtances from 
the Centers of Homogeneous Spheres, the Attn 
ctions are as theSpheres themſelves; or as the Cube 
of the Diameters are one to another. For, bf 
Prop. 46. if the Diſtances be proportional to t 
Diameters, the Forces of the Spheres will be! 
the Diameters : Let the greater Diſtance then 
fore be diminiſhd in that Proportion ; and thi 
the Diſtance being now made equal, the At 
ction will be increas'd in that duplicate Propot 
tion, and conſequently will be to the other At 
traction in that triplicate Proportion of the l 
ameters, that is, in the Proportion of the Spher 
themſelves. | 

Corel. (2.) In any Diſtances whatever, the 
trations will be, as the Spheres applied to d 
Squares of the Diftances, N 
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Corol. (3.) If a Corpuſcle placed without an 
Homogeneous Sphere, be drawn with a Force 


reciprocally proportional to the Square of its Di- 
tance from the Center, and the Sphere in the 


— mean time conſiſts of attractive Particles; the 
force of every Particle will decreaſe in the du- 


plicate Proportion of the Diſtance from that Par- 


ticle. 

Corol. (4. Since therefore all the Planets, both 
primary and Secondary, are attracted to the Sun; 
all the Secondaries about Jupiter are attracted to 
he Center of Jupiter; all the Satellites of Saturn 
o the Center of Saturn; and the Moon to the 
enter of the Earth: Every one to its own Cen- 
et in divers Diſtances, with a Force reciprocally 
roportional to the Squares of the Diſtances re- 
pectirely; the Force of every Particle compo- 
ing the Body of the Sun, Fupiter, Saturn, and 
he Eartb, decreaſeth in a duplicate Proportion of 
he Diſtance from the ſame Particle. 

XLIX. If unto each Point of a given Ho- 
ogeneous Sphere, there be a Tendency of equal 
entripetal Forces decreaſing in the duplicate 
roportion of the Diſtances from the Points ; 
very other ſimilar Sphere will be attracted with 
Force reciprocally proportional to the Square 
of the Diſtance of the Centers. 

For the Attraction of every Particle is recipro- 
ally, as the Square of the Diſtance thereof from 
he Center of the attracting Sphere, by Prop. 45. 
nd therefore it is the ſame, as if the whole attra- 
ting Force lay in one ſingle Particle ſituate in the 
enter of this Sphere. But this Attraction is as 
eat as the Attraction of the ſame Corpuſcle 
'0u'd be, if ſo be it were attracted by each Par- 
cle of the attracted Sphere with the ſame Force 
here with it attracts them. But this * 
0 


N. n , 
<< — = 8 „ 
— 1 + ry 
, 4. 


Force of the mutual Attraction will be doubled, 
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of the Corpuſcle would be by the laſt Prop. rec F. 
procally proportional to the Square of the Di. Pt 
ſtance thereof from the Center of the Sphere, th 
and conſequently the Attraction of the Sp 
which is equal to the ſame, is in the ſame Pro. 
rtion. . E. D. | 

Corol. (I.) Attractions of Homogeneous Spheres 
towards other Homogeneous * — are, z it 
is in thoſe of Points, or the moſt minute Cor. 
puſcles, as the attracting Spheres applied to the 
Squares of the Diſtances of their Centers from 
the Centers of thoſe which attract. ; 

Corvl. (2.) The fat..c thing holds, where the 
attracting Sphere doth alſo attract it ſelf. For 
each Point of /this will draw each Point of the 
other wich the ſame Force, whereby it is inter- 
changeably drawn by them. And conſequently 
ſince in all Attractions, both the attrahent and the 
attracted Body are urged or acted upon; the 


keeping the Proportions. 

Corol. (3.) All thoſe things which have been Neack 
demonſtrated above, concerning the Motion a * 
Bodies, about the Focus of Conic Sections, do Qua 
hold where the attracting Sphere is placed in 
the Focus, and the Bodies are mov'd withont that ever 
Sphere. 

Corol. (4) But thoſe things which were de- ches 
monſtrated concerning the Motion of Bodies . C 
about the Center of Conic Sections, do hol 
where the Motions are performed within the 
Sphere; to wit, where a Sphere not perfect 
Concave, but full of Concave Parts, is ſuppoſed i * 
as we obſerved before, | | 

cz =_ If Spheres which are diſſimilar in thi 
Proceſs from the Center to the Circumference 


(as to Denſity of Matter, and the attractit 
Force) 


— — pan. — 
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Force,) are nevertheleſs altogether ſimilar in their 
Progreſs in a round in every given Diftance from 
the Center; and the attractive Force of every 
Point decreaſeth in the duplicate Proportion of 
the Diſtance of the attracted Body: the whole 
Force wherewith one ſuch Sphere draws the 
other, is reciprocally proportional to the Square 
of the Diſtance of the Centers... 
For ſuch a ſort of Sphere may always be divi- 
ded into ſimilar Concentrick Spherical Surfaces. 
And ſince it hath lately been demonſtrated ; that 
every Surface ſeparately conſidered, doth ſo draw 
the al other Surfaces ſeparatgly conſidered, that the 
For MW whole Force wherewith ſuch à ſpherick Surface 
the MW draws any other, is reciprocally . to 
ter. che Square of the Diſtance from its Center; the 
tly Propoſition will appear manifeſt of entire Spheres 
the WM compounded of ſuch Surfaces. Q. E. DP). 
the W Corol. (1.) Hence, if many ſuch like Spheres 
el, ¶ being like co one another in all things, do attract 
each other; the accelerating Force of each upon 
cen each will be at equal Diſtances of the Centers, 
| of M5 the attracting Spheres themſelves; or as the 
do Quantities of Matter contain'd in the ſame. 
in MW Corol. (2.) And in all unequal Diſtances what! 
hat erer, as the attracting Spheres applied to the 
Squares of the Diſtances betwixt the Centers of 
de. the Spheres. g 
dies Wl Corel. (3.) But Moving AttraFions, or the 
old Weights of Spheres in Action upon or towards 
the M>pheres at equal Diſtances of Centers, are as the 
attracting and attracted Spheres conjunctly; that 
15, as the Contents of the Spheres produc'd by 
Multiplication. For ſince the attracting Body, 


0 35.5 28. 


na 
on 
— 
x 


8 EN 


the becauſe of Reaction, which eyery where is equal 
ice, N Action, tho? tending to the contrary Part, is 
kire 


noy'd towards the Body attracted with the like 
| Quan 
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tity of Motion, that is, with 2. Celericy recipe 
cal to the Bodies; and this would be if they 
were properly no attractive Force of the Bod 
- which is attra ans Ty d: And ſince-to. thoſe who inhy 
bit any Sphere, the whole elocity of Sphen 
approaching to one another is neceſſarily refer 
to the other Sphere, and not to the Sphere the 
dwell upon; becauſe they cannot diſce 
their own Motion; hence it comes to paſs , ch 
all the Centri al Forth. of ch the Gel Figs 
that, to erewith it. acheth tog 
| — e wh henley are both vr 
them carried uk the fam Nek ren 0 | 
the * . 2nd v hich is qd the 


Weight of r; is not only rtional to 
the attracting ere, but bk, ITO 1 - 


together. This is, that. goes 
Name of, t e (Weight of 2 5 0 th 
Earth, which makes that that Body and the 
Are carried towards each gthe pets a relative 
Ge ee Thus we ſhew'd before 
(Prop. 23 he Gravity of Sig Moon zom 
the Earth, is of that Quan ry, that it 


10 the Center of che Farth in ue Space of 4 I in 
20ʃ. almoſt; Not chat all at ele is 2. 57 
refered to. * it ſalf ; bur that if all ce IA. 
reſpective glocity, of a . ariſing ffonppker 


the Motion of both 50 jes, were to be oo 


10 10 ime, 2 . 5 
po SED 
drattions, wo 1 de 


Sph 
'Spheres, "wal, oRtenes 2 Fd 
_ ol. 55 158 anaces 


5 214 ; w 24 15 
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Corol. (5. ) The ſame Things hold alſo a forti- 
;, where the whole Attraction ariſeth from the 


iſed upon the other Sphere. For the Attraction 
ill be doubled, the Proportion being kept. 
Corol. (6.) If ſome ſuch Spheres be revolv'd 
hour others quieſcent. each about each; and the 
iſtances betwixt the Genters of the revolving 
Mies, and of the quieſcent, be proportional to 
he Diameters of the quieſcent z, the periodic 
mes will be qua. 
ho Corol. (7.) And, vice verſe. 15h * periodic 
wie imes be equal, che Diltadene will be proportiq- 
al tothe Diametets. 
Cordl-(8.). All the ſamei Things which we de- 
nonſtraced above,: concerning the Motion of Bo- 
ies about the Fooii af Conic Sections, do hold 
here the attthcting Sphere of what, Form and 
ondicjon: ſoe ver, wich hath been already de- 
eab'd, is placed iim the Focus. 1 „ 0 
070 (% As alſo where the attracting Spheres 
2volve of What Conditam:ſoever, that have been 
leady deſortb/dgidlecettber-wholly . 
r in the ſameDiſtances from; the ma 50. 
12 6 AF engl“! 912 
15 if co exoh:equal * of | ——LER 
bkeres, there be a. Terdenzy., of; Centripetal 
Forces equal atpequſl Diſtanees q but B divers 
the distances dirattly propdmtional to: the Diſtances 
f the Point fre Bod ĩes attracted q the Forge 
onpounde of the Forces of all the Parts, 
herewith -thertwo Spheres do mucunlly draw 
ach other, will be: as the Diſtande betwixt i 
anters of the: Spheres. 1981! 
0% L In Bi: 2. Plate 9. Let A Ch h be 
dphere compoanided of theſe attractive Forces : - 
"tho Center uf tie ſime: EA Gorpuſele atti 
ed; 


nractive Virtue of both Spheres mutually exer- 


ſtroy'd by the Force of the Point which is equal 
_ diſtant from the Axis, on the other Side of f 


ſtance PG. And in like ſort the Force of i! 


into the Diſtance PG. And the Sum of f 
Forces of: beth Planes is ds the Mane EE, di 
of 
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ed: PASB the Axis of the Sphere paſſing throw 
the Center of the Corpuſcle: EF and ef n 
phyſical Planes of a Thickneſs not to be regards; 
wherewith the Sphere is cut, which are alſo q 
pendicular to the Axis, and on this ſide ande 
that equally diſtant from the Center of the Sphen 
The Points G and g, the Interſections of d 
Planes and the Axis: and H any phyſical Poit 
in the Plane EF. The Centripetal Force of u 
Point H upon the Corpuſcle P, exerciſed aloy 
the Line PH, is, by the Hypotheſis, as the U 
ance it ſelf PH; which by Refolution of Fi 
ces is to be divided into GH, G P. Fro 
whence the Force along the Line PS, that is 
wards the Center S, is as the Length it ſelf PG 
[LH, or one Part of the Forces being mn: 


Axis directly oppoſite in the ſame Plane.] There 
fore the Force of all che Points in the Plane E 
that is, the Force of che whole Plane, wheret 
the Corpuſcle P is drawn towards the Center 
will in like manner be as the Number 'or Sum 
the Points drawn into the Diſtance PG: that 
as the Content under the Plane E F, and the D 


Plane e f, whereby the Corpuſcle P is drawn i cor 
wards the Center S, is as the equal Plane dranfWceed: 


into the Sum of the Diſtances PG aPg; thut! 
as that Plane drawn into PS che double 


Diſtance of the Center and the Corpuſcle : Morce 


cauſe of the Lines PG, PS, Pg, vbich are Arithugſc ir 


tically proportional; and from thence the Sum ¶eſore 
the Extremes equal to the Double of the Meni 
| That is, 25 the Double of tlie Plane EE; or d 
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um of the equal Planes drawn into the Diſtance 
dS. And by the like Argument, the Forces of 
the Planes in the whole Sphere, equidiſtant on 
his ſide and on that from the Center of the 
phere, are as the Sum of the Planes drawn into 
e Diſtance PS: that is, as the whole Sphere 
wn into the Diſtance of the Center thereof 
om the Corpuſcle. And becauſe the Sphere is 
ven in every Diſtance, the entire attracting 
orce will be as PS, the Diſtance of the attracted 
orpuſcle from the Center of the Sphere. 
. E. D. 

Caſe (2.) Now let the Corpuſcle P draw the 

phere, to wit, all Points of it, with a Force di- 
aly proportional to the Diſtance of the Points 

om the Corpuſcle: And by the ſame Argument 
will be prov'd, that the Force wherewith that 

pl is drawn will be as the Diſtance PS. 

E D. 

Caſe (3.) Then let another Homogeneous 

here be compounded of innumerable Particles, 

P, attractive in like manner; that is, in the di- 

t Proportion of the Diſtance. And becauſe 

Force wherewith every Particle is drawn, is 

he Diſtance of the Corpuſcle from the Center 

the firſt Sphere drawn into the ſame Sphere; 

| conſequently is the ſame, as if the whole 

ceeded from one ſingle Point in the Center of 

Sphere: The whole Force wherewith all the 

puſcles will be drawn in the 24 Sphere, that 

that wherewith that whole Sphere is drawn; 

be the ſame as if that Sphere were drawn by 

orce proceeding from one ſingle Corpuſcle 

ed in the Center of the firſt Sphere. And 

fore it will be proportional to the Diſtances 

int the Centers of the Spheres. . E. D. 


8 Caſe 
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Caſe (4.) Now let the Spheres draw one an; 
ther; and the doubled Force will ſtill preſery 
the former Proportion. 2. E. D. 

Caſe (5.) Next, let the Corpuſcle p be placy 
within the Sphere AC B D: and here, becauſe ih 
Force of the Plane ef upon the Corpuſcle will 
as the Content under that Plane, and the I) 
ſtance pg, or as ef x pg; and the contrary Forg 
of the Plane EF, as the Content under t 
Plane and the Diſtance pG, or as EF xp 
or as e f pG: Therefore the attracting Fore 
will be as the Difference of the Contents, that. 
ef pg p; or as the double of ef drawn i 
to half the Difference pg—pG, =2 ef xi, 
—zpG: That is, becauſe S G, Sg are equal, 
the Sum of the equal Planes drawn into half: 
Difference of the Diſtances, or into ps thel 
ſtance of the Corpuſcle from the Center of t 
Sphere. And by the ſame Argument, the | 
traction of all the Planes in the whole Sphere, 
E F, ef, equidiſtant on this ſide and on that fr 
the Center; that is, the Attraction of the wü 
Sphere will be as the Sum of all the Planes, 


the whole Sphere drawn into p S, the Diſtance have 
the Corpuſcle from the Center of the Sp mo 
Q. E. D. in \ 

Caſe (6.) And if a new Homogeneous Sp tore 
placed within the former, be compounded of WW (uit 
numerable Particles as p; it will be prov'd, „ pbe. 
fore, that the Attraction, whether it be ſimp bein 
one Sphere into another, or mutual and on ble ( 
ſides, will be as the Diſtance of the Centers ripe! 
2. E. D. | ale i 

LII. If Spheres in the Progreſs from the ing et 
ter to the Circumference (as to Denſity of nic 
ter, and attractive Force) howſoever diſſuſ ¶ocus 
are nevertheleſs in the Progreſs round abort C 


. 
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Grery given Diſtance from the Center every 
here ſimilar ; and the attractive Force of every 
ine is directly as the Diſtance of the attracted 
oly : The whole Force where with two ſuch 
pheres will mutually draw each other, will be 
oportional to the Diſtance betwixt the Centers 
the Spheres. 

For ſuch a Sphere may always be divided into 
qual Circles EF, ef, and in the ſame Diſtances 
om the Centers G, g, into Homogeneous ones; 
d ſince from the Force of what hath been alrea- 
' demonſtrated, every circular Perimeter, of 
hich every whole Circle is compounded, doth 
ord a Force proportional to the Diſtance4wom 
Center of the Sphere; the whole Force will 
o be in the direct Proportion of the Diſtance 
m the Center. | wk 

oral. What has been above demonſtrated in 
> Corollaries to the goth Prop. concerning the 
tractions of Spheres where the Law of Attra- 


* — — 2 
. OD aero er——_ - 
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ere, 
t en was in the duplicate Ratio of the Diſtance 
whdWcrlly, may be every where applied to this Place, 
nes, Nin rite mutandis, But eſpecially thoſe which 


anc: bave formerly demonſtrated, concerning Bo- 
moving about the Center of Conic Sections, 
in where all the Attractions are made by 
Force of ſpheric Bodies of the ſame ſort that 
juſt now deſcribed ; and the attracted Bodies 
pheres of the ſame Kind. 
olium. We have now explained the two 
on ble Caſes of Attractions; to wit, whereythe 
tal Forces decreaſe in the doplicatd or 


tes tri 

| ale in the ſimple Proportion of the Diftances : 
the ing the Bodies in both Caſes to be revolved 
nic Sections, to wit, by the firſt Law about 


ocus, by the ſecond about the Center; (and 
about Caſe agreeing to Bodies placed without 
2 the 
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the Spheres, but the latter agreeing to the Bodie 
placed within them:) And compounding thy 
Centripetal Forces of ſpheric Bodies decreaſing 
by the ſame Law in their Receſs from the Center 
or increaſing with the Bodies. Which is wel 
worthy to be taken notice of, and is very uſe 
ful to ſolve the Phænomena of the Solar Syſter 
It wou'd be tedious, and of little Uſe, ſtrialy 
examine the other Caſes in this Place, whic 
would exhibit Conclufions leſs elegant, and mo 
remote from the Conſtitution of the Won 
Therefore, ſince we have already explained 
Attractions of ſpheric Bodies, we may go ont 
the Laws of Attraction of other Bodies conſiſt 
of like attractive Particles: But we don't deſghlh- 
to handle them in particular. Therefore we 
only ſubjoin ſome more general Propoſitions 


the Forces of Bodies of the like ſort, and of Mint 
Motions ariſing from thence, which will be Wd : 
Uſe in Phyſicks. oint 
val 

A A ut 25 
PTILTLLLLLLLLLALILILLL LL BY 
pull 
. . XXIV. — 
nd the 
LIII. F two ſimilar Mediums be ſepuWill be 
e ted from each other by a Spsht I. 
1e bounded on both ſides with eine « 
en rallel Planes; and a Body in ow it 

| Paſſage thro'this Space be aum angle 

ed or impelled perpendicularly to either Mediuig to 
be neither accelerated nor retarded in its ws g 
any other Force; and if moreover the Attractiuſe ve 


every where the ſame, at equal Diſtances, give 
both Planes taken along the Line of its Motual te 
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diebe Sine of the Angle of Incidence upon the one 
te pane, will be to the Sine of the Angle of Emer- 
ſinge:nce out of the other Plane, in a given Propor- 
nter ion ; i. e. whatſoever the Angle of Inclination 
ball be, the cbs way wa of thoſe Sines will always 
e found to be the ſame. 
Caſe (1.) Let (in Fig. 3. Plate 7.) Aa Bb 
e two parallel Planes. Let a Body fall upon the 
ormer along GH, and be in its whole Paſſage 
mated or impell'd towards the Medium of In- 
dence ; and by this Action deſcribe a Curve HI, 
nd then emerge by the Line IK. Let the per- 
xndicular IM be erected upon the Plane of 
mergence Bb, meeting both the Line of Inci- 
ace GH produc'd in M, and the Plane of In- 


e ſuidence Aa in R. And let the Line of Emer- 
ons ence K I produc'd meet. HM in I. Thus GM 
of till be the Tangent of this Curve in the Point H; 


nd the Line L K the Tangent of the ſame in the 
oine IJ. Then, from the Center L with the In- 
val LI, let a Circle be deſcrib'd, which may 
ut as well HM in PandQ, as MI produc'd in 
And now in the firſt place, if the Attraction or 
pulſe be ſuppos'd to bg uniform,that Curve H I 
ill, according to what hath betn demonſtrated 
fore, be a Portion of a Parabola ; (ſee Prop. 8.) 
nd the Line L V, perpendicular to both Planes, 
il be one of the Diameters thereof; and the 
ght Line H I, biſected by the ſame LV in the 
Woine C, will be an Ordinate of that Diameter. 
jow it is a Property of this Figure, that the Re- 
angle contain'd under the Latus rectum, belong- 
g to the Vertex H, (which in this Caſe is al- 
ays given (by Corol. 2. Prop. 8.) by reaſon of 
e Velocity of the Bodies here ſuppos'd ca 
siven; and the Abſciſs HD or IM, which is 
aal co it; is equal to the Square of the Semi- 
8 3 ordinate 
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ordinate DI or HM, which is equal ther nd 
The Tangent alſo of this Parabola HM will © 
biſected in the Point IL: (For in the like Triangle © 
HCL, HIM, as HC is to HI, fo will HI Me 
to HM. Bur HC is half of HI; therefore H 
is alſo half of HM.) From whence, if you le G. 
down L O perpendicular to MI, MO and O ph 
will always be equal; and the Equals- 10, OW: 
being added, the Wholes MN, I R will likewiſ read 
be equal. Since therefore IR, the Diſtance « will 
the Planes, is given in all Inclinations whatever 
MN alſo, which is equal to the ſame, will Meme 
given in all Inclinations. - And conſequently th that 
Rectangle NM x MI will be to the Reaang\s''< 
under the Latus rectum belonging to the Vertex 
and MI, as the given NM is to the given Lu and 
rectum, or in a given Proportion. Now the Re 
angle under HD or MI, and the Latus rem bet 
is equal to DIn or HM q. And therefore the R 
ctangle NM MI is to HMq in a given P 
et ; portion. But NM 4- MI b equ nh 
Look 3. of the to PM+MQ; that! is, to La 
Elen. Difference of the Squares of M 
and PL, or of ML and LI: Ae 
HM q hath a given Proportion to LMq, 
fourth Part of it ſelf. Therefore the Proportiat 
of MLꝗ-LIq to LMq is given; and by d vel 
viding the Proportion of LIq to EM, an el 
the ſubduplicate Proportion of the ſame Line L 
to L. M. But in every Triangle, the Sines of thi 
Angles are proportional to the oppoſite Side 


(Corol. x. Prop. 20. Boo 3. of the Elem.) Therefo 1 
the Proportion of the Sine of LMR, or of AH 
the Angle of Incidence, to the Sine of the Ang on 
of Emergence MIX or LIR ; or of the Ang 

LIM the Complement of the ſame unto two ri — 


Angles is {till given.[ For theSine of the Angle IIb 
| | ant 


Mathematical Philoſophy. 263 


ind of LIM, the Complement of the ſame unto 
wo right Angles, is the ſame.] 2. E. D. 

Caſe (2.) Then let a Body paſs ſucceſſively 
thro' divers Spaces bounded with parallel Plains, 
3 (in Fig. 4. Plate 7.) Aab B, Bbe C, CcdD, 
Kc. and be mov'd with a Force uniform in each 
Sphere taken a- part, and divers in the divers Spa- 
ces: Here, by what hath been demonſtrated al- 
ready, the Sine of Incidence on the Plane A a, 
will be to the Sine of Emergence from B b in a 
oiven Proportion; and this Sine, which is the 
dine of Incidence on the Plane Bb, will be to 
that of Emergence from the 2d Plane Cc in a 
giren Proportion; and the fame is to be ſaid of 
this laſt Sine to the Sine of Emergence from Dd; 
and ſo infinitely. And by Equality of Proporti- 
on, the Sine of Incidence on the firſt Plane will 
be to the Sine of Emergence from the laſt, in a 
Woiven Proportion. Then let the Intervals of the 
planes be diminiſh'dy and the Number increas'd 
infinitely ; to the end that the Action of Attracti- 
on or Impulſe may be continual, according to 
any Condition which may be aſſign'd: And the 
Proportion of the Sine of Incidence on the firſt 
Plane to the Sine of Emergence from the laſt, 
will ſtill be given. 2. E. D. 

LIV. The ſame Things being ſuppos'd, the 
Velocity of a Body before the Incidence will be 
to the Velocity of the ſame after the Emergence, 
1 the Sine of Emergence to the Sine of Inci- 

ence, 7 
In the former Figure, let AH, Id be equal, 
and let the Perpendiculars AG, d K be erected, 
meeting the Lines of Incidence and Emergence . 
GH. IK in Gand K. In GH let J H be taken 
equal to IK, and T v be let down perpendicular 
to che Plane Aa. And let the Motion of the 
84 Body 
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Body be diſtinguiſh'd into two, one perpendicy. 
lar to the Planes Aa, Bb, Cc, Dd, the other pa. 
rallel to the ſame. The Force of Attraction or 
Impulſe, whilſt it acts along the perpendiculzr 
Lines, will not at all change the Motion along 
the Parallels; and therefore the Body by this Mo- 
tion will, in equal Times, go over thoſe [nter. 
vals of the Parallels, which are betwixt the Line 
A G and the Point H, and betwixt the Point! 
and the Line D K: that is, will in equal Times 
deſcribe the Lines GH and I K. And therefore 
the Velocity foregoing the Incidence will be tg 
that which follows che Emergence, as GH is to 
IK or TH; as AH or ID is to vH; that 
is, (in reſpect of the Radius TH or IK) as che 
Sine of Emergence to that of Incidence. Ak. b. 
LV. The ſame Things ſuppos'd ; and that the 
Motion before the Incidence is ſwiſter than that 
afterwards; a Body by the inclining of the Line 
of Incidence will at length be reflected, and the ls o 
Angle of Reflection will be equal to that of In-Wmin 
cidence. thai 
For ( ſee Fig. 5. Plate .) imagine that 2 Body cor 
goth, betwixt the parallel Planes A a, Bb, Cc,Wever 
D d, &c. deſcribe parabolick Arches, as above ;{Meore 
and let HP, PQ, QR, &c. be thoſe Arche Il re 
And let the Obliquity of the incident * GH 
to the 1ſt Plane A a be ſuch, that the Sine of In- 
cidence is to the Sine of the right Angle; that i; 
to the Radius of the Circle, in that Proportioncant 
which the ſame Sine of the firſt Incidence hati 
to the Sine of the Emergence from the laſt Plane 


D d, into the Space expreſs'd by Dd Ee. Andie is 

here, becauſe of the Sine of Emergence not of 

made equal to the Radius, or Sine of the rightMence 

Angle, that Angle of Emergence will be a rig vel 

pne ; and conſequently the Line of Emergent nt ot 
5 | Wl 
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ill now coincide with the Plane Dd. Let the 
Body come to this Plane in the Point R: Here, 
cauſe the Line of Emergence coincides with 
he fame Plane, it is manifeſt, that the Body can- 
got move farther, or towards the remoter Plane 
Mo- rpreſsd by Ee. Nor indeed can that go for- 
ner. ards in the Line of Emergence R d, becauſe it 
; perpetually attracted or impell'd towards the 
ledium of Incidence: Therefore it will return 
twixt C and D d, deſcribing QR q the Arch 


imes 
ſole a Parabola, the principal Vertex whereof will 
x toe che Point R; and it will cut the Plane Cc in 


e ſame Angle q, as it did before in Q. Then, 
going forwards in the parabolic Arches qp, ph, 
Nc. like and equal to the former QP, PH, it 
jill cut the reſt of the Planes in the ſame. Angles 
pand h, as before in P and H; and will ac 
tha Wogth emerge in the ſame Obliquity in h, with 
Line bich it fell upon H. Conceive now the Inter- 
Athers of the Planes Aa, Bb, Cc, Dd, &c. to be 
f In-Wminiſh'd infinitely, and their Number increas'd ; 
that the Action of Attraction or Impulſe may 


Body continual according to any Condition what- 
Coerer; and the Angle of Emergence, which was 
ore: fore always equal to the Angle of Incidence, 
ches Wl! remain ſtill equal to the ſame. Q. E. D. 


Scholium. Not unlike to theſe Attractions, as it 
ms, are the Refractions and Reflections of 
ght made according to a given Proportion of 
cants, as Snellius diſcover'd; and by conſe- 
ence according to a given Proportion of Sines, 


Plane De, Cartes has expounded it: | For ſince every 
Andie is to the Radius, as the Radius is to the Se- 
nov] of the Complement ; and the Angle of In- 
right Wence betwixt the Radius and the Plane, called 


Snellius the refracting Angle, is the Comple- 
nt of the Angle called by Cartes, that of Inci. 
dence 
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dence betwixt the Radius and the Perpendiculy 
the Proportion of Secants with Snellius, ui 
wholly agree and fall-in with the Proportian 
Sines us'd by Cartes ] For that Light is propagy 
ted and returneth from the Sun to the Earth i 
about 7 or 8 Minutes Space, is what is now mz 
nifeſt from the Phænomena of the Satellites of 7 
piter, confirm'd by the Obſervations of dive 
Aſtronomers; and the Rays of Light which: 
in the Air, (as Grimaldus ſame while ago diſc 


vet d, by letting in Light through a Hole into a1 
dark Chamber; and Sir Iſaac Newton hath mo hy 
fully experimented ) in their Paſſage near M HI 
Angles of opake or tranſparent Bodies, are bout a 
about the Bodies, being, as it were, drawn toward... 
them: And of theſe Rays, thoſe which in th, 
Paſſage come nearer to the Bodies, are the mofa. 
bowed ; being, as it were, the more attracted, % 
Sir Iſaac himſelf diligently obſeryed, and hath lat 10 
ly ſet forth at large in the 3d Book of his Optic ng 
Nou, ſince there is ſuch an Incurvation of t| dock, 
© Rays in the Air without the Knife, the Rays Hues 
which fall upon the Knife muſt have been bend hate 
in che Air before they touched the Knife: Me fa 


here is the like Reaſon for thoſe which fall up 
laſs. The Refraction therefore of the Rays 
Light is not made in the Point of Incidence, 
by little and little in the continual Incurvation 
the Rays, which happens partly in the Air, a 
before they touch the Glaſs, and partly as it ſo! 
ſeem in the Glaſs it ſelf after they have ente 
into it. Nor is the thing otherwiſe in Reflexidt 
as Sic Iſaac Newton hath ſhew'd moſt accurate!) 
the Book juſt before cited; whither we refer 
Reader, who is ſtudious of theſe things. N 
becauſe of the Analogy which is berwixt the Hl 
pagauon of the Rays of Light ggd the Prop 
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of Bodies, it ſeem'd proper to premiſe the 
three foregoing Propoſitions, as preparatory to 
rue Optics. Bur we muſt note by the way with 
ir [aac Newton, that ſpheric Figures are more ac- 
ommodate to Optic Uſes than any of the 
onic Figures are. And according to his Opi- 
mon, if the Objective Glaſſes of PerſpeRives 
ere made of two Glaſſes faſhion'd ſpherically, 
ind fitted to contain Water betwixt them; it 
ight come to paſs, that the Errors! of Refracti- 
ns, which happen in the extreme Surfaces of 
he Glaſſes, would be corrected exactly enough 
y the Refractions of the Water. 2 he judgerhz 
hat ſuch Objective Glaſſes are to he preferr'd be- 
ore Elliptic and Hyperbolic ones; not only be- 
auſe they may be faſhion'd more eaſily and ex- 
aly, but alſo becauſe they refract the Pencils of 
e Rays, ſituate without the Axis of the Glase 
ore accurately. However, the divers Re- 


ptiehangibility of divers Rays will ever | hinder 

f Wycics from being brought to Perfection by Fi- 

a5 ures of Glaſſes, either ſpherical or any other 
N 


hatever. And unleſs the Errors ariſing fron 
e foreſaid Head can be corrected, all our La- 
dur will be employ'd to ſmall pu in correct. 
g the reſt. But as concerning all theſe things} 
e Famous Author himſelf is to be read in chat 
oble Optic Work mention'd before. 
Sebol. (2.) But ſince it hath ſeem'd good td 
at great Man, to propoſe certain Propofitions 
that Book without their Demonſtrationt; dt 
ill be worth our while to bring in in this place 
e Demonſtrations of them, which have been 


et Mtber lately found out, or elſewhere delivered by 
* > fame Author; that ſo there may be nothing 
— that Famous Treatiſe, which Beginners may 


ſtumblo 
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— at, as not having it demonſtrated befor, M4 
them. 2 


Decem. 10. 17095. A 


LE c Tr. XXV. 


Prop. (1.) SET ACB be a refledin 
| Ht ſpherical Surface, the Cen 
Page 7. Caſe ®S S* ter whereof is E. Let the 
2. Book 1. BA Radius EC be biſeded i 
* the Point T. And if the ere 

Points Q and q be marked in the Line EC, oli 
the ſame ſide of the Point T: So that TQ, ITE 
and IJ q, be Lines continually proportional; ant 
the Point Q be the Focus of the incident Rays 
the Point q will be the Focus of the Reflex Ray 
For by the Hypotheſis QT: TC:;TC:;T« 
and by compounding Q T+4+TC = QC; QT: 
CT4+ TqQ=Cq:CTI=ET ; that is, QC 
QT::Cq:ET. And by alternating QC 
Cq::QT: ET. Burt by V. 19. of the E 
ments, QT: ET:: QE: Eq. Therefore | 
Equality QC: Cq:: QE: Eq. From whenc 
in the Triangle, the Baſe whereof is Q q, 1 
the Vertex in the ſpheric Surface A C B, ſo ne 
to the Point C, that the greater of its Sides ſhot 
be nearly equal to QC, and the leſſer to qC 
the Baſe Q q will be ſo divided by a Line dra 


from the Point of the Sphere to the Center * 
that the Parts Q E and E q ſhould be one to an 1 on 


ther in the Proportion of the Sides QC and g 
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And conſequently, by VI. z. of the Elements, e 
Line drawn from the Vertex of the Triangi: 
through the Center E, will biſect the vertical 
Angle of che Triangle, and make equal Angles 
on both ſides. - From whence the Radij paſling 
through Q, becauſe that the Angles of Incidence 
and Reflection are equal, will be reflected to the 
point q, and converſly. 2. E. D. 5 

Prop, (2.) Let AC B be the refracting Sur- 
face of a Sphere, the Center whereof is E. In 
B the Radius E C producd on both 
ſides, let the Points T and t be Lat. page 8. 
mark'd; ſo that as well ET as Ct © 3. 
{which are equal one to the other ) 
ay be to the Radius EC, as the leſſer of the 
Sines of Incidence and Refraction is to the Dif- 
ference of thoſe Sines. Then let the Points Q 
and q be marked in the ſame Line ; ſo that TQ 
may be to E Tor Ct, as Et is tot q. But let 
he Places of the Points be ſuch, that the Line 
q may be on that ſide of the Point which is con- 


fore 
D 


T : 


7 rary to that fide which the Line T Q is on, 
Tech reſpect to the Point T. Now, if the Focus 
Arche incident Rays be in the Point Q, the Fo- 
20 of the Refracted ones will be in q. For by 


he Hypotheſis, as TQ is co TC, ſo is 1 1 to 
q. And by compounding, T Q is to TQ+TC 
QC, as is ETS Ct to Ct ＋tꝗ = Cq; and 
y alternating, TQ: Ct: : Q: C q. And by 
ompounding and inverting TQ+Cr=QE:: 
[Q:: QC+Cq=Qq:QC. Or Qq: 
C:: QE::QT. From whence, together 
vith what Hugens hath demonſtrated in his Diop- 
ict, page 26, &c. the Propoſition is manifeſt. 

Prop. (3.) Let ACBD (Page 8. Caſe 4. be 
refracting ſpherical Glaſs on both ſides Convex 
r Concave, or at leaſt Planc-convex or Plano- 


Concave, 
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concave, the Axis whereof (or Line which cus 
both, Surfaces perpendicularly, and paſſeth tha 
the Center of the Sphere) is CD. In the Ari, 
let the Points F and f be the Foci of the refrad. 
ed Rays, found as above : Thoſe, to wit, which 
would agree to the Radii, parallel on both ſides tg 
the Axis, if there were only one refracting Sur. 
face. Let the Line Ff be biſected in the Poin 
E; and from the Center E, let a Circle be de 
ſcrib'd, with the Radius E F or Ef. Now, let 
any Point QO be the Focus of the incident Rays 
Let QE be drawn interſecting the former Circle 
in the Points T and t, and let the Point q be 
marked in the ſame Line, ſo that the Line tq 
may be to t E, as the ſame t E or its Equal T EU 
to TQ. Then let the Line t q lie on that ſide of 
the Point t, which is contrary to that which 10 
lies on, with reſpe& to the Point T. Thus the 
Point q will be the Focus of the refracted Rays; 
of thoſe, to wit, which are near to the Axis, d 
which alone any Regard is to be had in theſe Ct 
ſes. For by the Hypotheſis, TQ:TE::tE: 
t q. Therefore by compounding TQ: TE + TQ 
=QE::crE:tE+cqQ=Eq. From whence 
by V. 12. of the Elements, TQ::QE:: TQ 
+trE=QE:QE+Eq=Qq. From whence, 
together with what Hugens hath demonſtrated in 
Page 67. Cc. of his Dieprrics, the Propoſition i 
manifeſt. 

Prop. (4.) The Mixture of the Rays of the eren 
Wn in pt, a refracting Glaſs (Book 1. Page 4% Ef th 
is to the Mixture of the Rays of the Sun paſling Wl! x 
through an empty Hole, as the Breadrh. of the rop 
ſame Glaſs is to the Difference of the Breadth MM 7, 
and Length of it, or as ag is to gm. For let a1 Mhaſlir 
be to am, as ag is to AG, In this Caſe thi Woun; 
Space a h will be equal to all the Areas of the kt Hbeir 


ſer 


ormi 
ocit) 
ody 
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xr Circles, as being, in the duplicate Pro- 
ortion of the Rays on both ſides: And the 
fixture of the Rays would be equal, if fo be all 
he leſſer Circles did meer together in that Space. 
br ſince they are diſpers d through the Space pt, 
ie Mixture will be as gh to gm. From whence, 
nce the Mixture of the Rays in the Glaſs P T, 
to the Mixture of them as paſſing through the 
mpty Hole, as AG is to GM, orasagrogh; 
nd the Mixture in the Glaſs pt, is to the Mix- 
ure in the Glaſs PT, as gh is to gm; by Per- 
urbation of Equality, the Mixture in the Glaſs 
dt will be to the Mixture which agrees to the 
days paſſing without Refraction, as ag is to g m. 
2. E. D. 

Prop. (F.) If a Body in any given Velocity 
rhatever, fall upon a Space (ſee Book 1. Page 57.) 
an inconſiderable Breadth, and terminated on 
oth ſides with parallel Planes, and in its Paſſage 
owards the remoter Plane, be attracted or im- 
ell'd perpendicularly ; in ſuch ſort, that the at- 
racing or impelling Force is either every where 
he ſame , or at leaſt the ſame at equal Diſtances 
rom that Plane ; the perpendicular Velocity of 
he Body, which hath now paſſed that Space, 
ill be equal to the Sum of the Squares of the 
ormer Velocity, and the ſquare Root of the Ve- 
ocity acquir'd in paſſing through. But if the 
ody be retarded in its paſſing through, the Dif- 
erence of the ſame Squares is to be taken inſtead 
pf the Sum of them; and thus the Propoſition will 
hold good, It follows from Newt. Mathem. Principl. 
rop. 29. Probl. 27. Corol. 2. 

Prop. (6.) If any Bodies or Rays of Light 
afling through a Space, ſuch as before, and 
ounded with parallel Planes, be' ated upon in 
heir paſſing with a like Force, but which is ſome. 
times 
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times greater, ſometimes leſs ; thy 
Book 2. Page Motion laſt acquired will be in de 
71, 72. ſubduplicate Proportion of the For 
| which begets the ſame ; in ſuch for 
that the Squares of the Motions will always 
termine the true Proportions of the ſame. 
AB be a refracting Surface, or let it repreſent 
Space of a Thickneſs not to be regarded, bounds 
with parallel Planes, which is of a refradne 
Force. And let 1 C be a Ray of Light falling 
very obliquely upon the refractive Plane at the 
Point C, ſo that ACI the Complement of the 
Angle of Incidence may be indefinitely ſmall 
And let CR be the refracted Ray. From ami 
Point B, let the perpendicular BR be ered 
cutting the refracted Ray in R. Where if CR 
repreſent the Motion of the refracted Ray, which 
is reſolv'd into two Motions CB and B R; that 
Part of the Motion CB will be parallel to there 
fracting Plane, and B R will be perpendicular to 
the ſame; and ſince the Motion along the Plan am 
A B, is in no wiſe chang'd by the Force perpe 
dicular to the ſame, C B will be given, by reaſon 
of the given Velocity of the Rays, which war 
here ſuppos d. And the Line BR will be1 
Motion produc'd by the Refraction in a gireurſe 
Time; and it will be in the ſubduplicate Propot 
tion of the Force which produceth it. For, be ne I 
cauſe of the given Latitude of the reſractin . 6. 
Space, the Times of the Tranſit in which the 
fracting Force would act, will be reciprocally Hane 
the Velocities produced, or as the producing For 
ces reciprocally ; and becauſe of the Velocity, tit 
Force being given in the Proportion of the Time d me 
the Line B R would be as the producing Fo N 
reciprocally ; and the Time being given, as tht ©0 t 
ſame Forces directly. Therefore neither bein 
Siren 
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ziren, the Line B R will be in the ſubduplicate 
proportion of the Forces; for then the Times 
and Forces being reduc'd unto an Equilibrium, 
neither will the Force preponderate the Time; 
nor the Time the Force; whieh no otherwiſe 
could anſwer each to other. Thus, indeed, if 
the Forces be put to be in a quadruple Proportion; 
nd: double Velocity will be produc'd in half the 
aieTime; or the Line BR will be double of the 
lingWme Line, and thus every where. .9. E. D. 

tb prop. (7.) In the Solution of the Rainbow; 
he Arch QF and the Angle AXR will be the 


mal reateſt, where ND is to CN, as VII- RR is 


ao V3RR. In which Caſe alſo, 2 R: I:: NE, 
b; and the Angle AYS, which is made by 
eRays AN and HS, will be the leaſt, where 


D is to CN, as VIT-RRisto V8BRR. In 
e re'bich Caſe alſo, 3 R: I:: NE: ND. Which 
ar twofold Propoſition we will demonſtrate with the 
lang —— Sir Iſaac Newton, in his Manuſcript Optic 
nM: cures, 
fool Problem. If Rays, whether parallel or inclin'd 
hich{@wards ſome common Point, do fall upon a 
he 1 bere to be reſracted there; to deſign the Con- 
zneifhurſe of the refracted Rays without the Axis, 
opot hich are next ro one another, and lye in the 
me Plane with the incident Rays. Let AN (in 
g. 6. Plate 7.) be an incident Ray, NK the re- 
acted Ray thereof; and NV in the Plane of the 
angle AN K, a right Line touching the Sphere 
F N. To AN draw N R perpendicular, and 
„„teting the Axis AC in R: and RV parallel, 
men id meeting the Tangent NV in V. Likewiſe, 


dor N perpendicular to NK, and V Q paral- 
« the to the ſame, meeting it in Q; and draw 
bein C meeting N K in Z, Z will be the Concourſe 
rivet the Rays neareſt to AN. And let An be 

T another 
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another of the incident Rays, infinitely near to 
the former AN, and meeting NR in G. Dray 
n Z meeting NQ in H; and to AN and NR, 
let down from C the Center of the Sphere, 
the Perpendiculars C Di and C E, meet 
ing An and n in d and e. Now, fince AN 
is ſuppos'd to be infinitely near to An, the 
Arch N n, which is infinitely ſmall, may be rec. 
koned fora rightLine coinciding with the Tangent 
NV; and the Triangles NGn, NRYV, as alſo 
NHn, NOV may be accounted for like. Where. 
fore it is, DC::Dd::(NR:NG::NV: 
Nn: : NQ: NH) :: EC: Ee. And con- 
verſly, DC: (D C.- -Dd) dC:: EC: (EC. 
Ee) e C; and alternately, DC: EC:: d C. 
e C. But D C is to EC, as the Sine of Ini: 
dence is to the Sine of Refraction, becauſe NK 
is the refracted Ray of AN; and conſequently 
alſo, dC 1s to eC as the Sine of Incidence td 
that of Refraction; and therefore, ſince the 
Angles D Ad and E Z e be infinitely ſmall, and 
conſequently Cd is perpendicular to A n, and 
Ce to n, or at leaſt equipollent to perpendicu 
lar, n Z will be the refracted Ray of An 
2E. D. 

Corol. (I.) ND: N E (or NP: NF) :: NR:; 
NO. For N C being drawn, becauſe of the 
Triangle ND C, like to the Triangle NR\; 
and the Triangle NE C like to the Triangt 
NQV:itis ND: NR (: : NC: NV) : : NE 
:N Q: and alternately, ND: NE: : NR: N 
Hence reſults a more ready Solution of the Prob- 
lem; to wit, Erect NR, NQ perpendicular * 
the Rays AN, NK; of which two Perpendic 
lars, let NR meet the Axis AC; and det i 
other NQ be to NR, as NF is to NP. The 
draw 


ſought Point Z. 


lars li 
> Cir, 


el to 


C, which will meet with NK * Wd N [ 
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Cerol. (2.) It is alſo thus, ANX DC NE: 
DX ECXN D:: NZ: EZ. For AD: 
IN:: DC: NR. And from thence NR 


— 2 5 Likewiſe, ND: NE: : NR: NQ. 


N 4 
A 
de And from thence, N Q=AN=DCxN E 


And conſequently, AN x DC x NE: AD x 
ND x EC (:: NQ: EC) :: NZ: EZ. 
Corol. (3. 2 A — j be 3 
diſtant, or orth para ; it bei t 
* I: R:: the oo of Incidence : the Sine of 
befraction ; it will be I x NF: Rx NP:: NZ. 
E Z. For in this Caſe, AN and A D, ſince 
ici- Whey are infinitely long, ought to be reckon'd for 
\KWqual; and conſequently by Corel. 2. of this, 
DCxXNE:EC*ND::NZ:EZ. But by 
e Hypotheſis, DC: EC:: I: R; and conſe-. 
uently XN E: RX ND (:: NZ: RZ) :: 


aud P: N F. But it is to be noted, that the Reſo- 
and rion of the Problem is eaſily accommodated to 
icy Caſe whatever, mutatis mytandis; whether 
An We: incident Rays decline from ſome one Point, 


incline to the ſame, or fall parallel. 


XR: Problem (2.) From parallel Rays refracted un- 
the 2 Circle, to determine that Ray; Part where- 
8 \ 8 being included in the Circle, hath a given 
zngleſWoportion to that Part of the ſame Ray refratted, 
Nich is included in the ſame Circle. Let AN 
NOW the incident Ray: ( ſee Fig. 1. Plate 8.) N K 


> tefracted: NP and NF, the Parts of them 
luded in the Circle : C D and CE Perpendi- 


dic lars let down to thoſe Parts from the Center of 
t tee Circle; and B C a Semi- diameter drawn pa- 


el to AN. And let it be C D: CE: : I: R 
INPYNPF:;p:q Theſe Things being put, 
12 that 


The 
n Us 
Cl 
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that the Point N may be found, which determines 


the Rays A N and N K; erect at B C the Perpen. 
dicular B X, and let the Square thereof be to the 


— 1— 
Square of B C, as LI=PP im. 


CX being drawn, will eut the Circle in the 
ſought Point N. For by the Hypotheſis p ;q 
(:: NP: NF::) ND: NE. And I: R: 
GD: CE. Wherefore "ND =N E; and f 
CD=CE. Furthermore, ſince ND q c- 

=NCq)=NEq+CEq; take from 
hence NDq+CEdq, and there will remain 
CDq—CEq=NEq—NDq; that is, by 
ſubſticuting the Values of C E and N E, juſt nov 


Pr 


RR 24 11 
found, C D q--- 1 Deinen, tha 


N D q ; and by making a Reduction LI - 


II | 

EIN | lin 

CDq HT ND ꝗ. Which being wN, 
PP ale: 


ſolved into Proportionality, SIDE . 15 


(:: C Dq: ND q :: B X= BC. EDE not 


I 


April 8. 1706. 
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Problem ( 3.) HE Sun enlightning 2 
N tranſparent Sphere, to de- 
rc termine the greateſt Incli- 
Ne 


r 


nation to the Axis of the 
Rays emerging after one 
Reflection. Let B N K (in Fig. 2. Plate 8.) be 
the propoſed Sphere: B Q the Diameter, or the 
Axis parallel to the incident Rays: AN ſome 
one of the incident Rays: NF the refracted Ray 
thereof: F G the reflected: and GR the again 
reftacted; and thus the greateſt Angle, which 
3 make with the Axis BQ, is to be 
ſought. 

To which purpoſe it is to be obſerv'd , that in 
hat Caſe alone, where R G is the moſt of all in- 
lind to BQ, the Rays which are the neareſt to 
N, can emerge parallel to RG. For in other 
aſes, of the emerging Rays neareſt to it, ſome 
re continually more inclin'd to BQ, others leſs; 
nd — are ſomething inclin'd to one 
nother. 

It is alſo to be obſerv'd, that the Rays which 
eet at the Point of Reflection, will emerge pa- 
allel. For draw a n parallel to A N, and as near 
d it as may be; and let nf be the refracted Ray 
ereof, fg the reflected; and gr the ſecond re- 
acted one. And the Points F and fcoinciding, 
hen the Angles N Fn and GF g are equal; 
d the Refractions at Nn and Gg be like, the 
erging Rays GR and gr will be parallel, as 
ell as the incident N A and an. 

The Ray AN is therefore to be ſought, the 
rated Ray whereof concurs with the refracted 
* one 


STES.S I 2:22 


Ch 
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one of the Ray an, which is neareſt to it in the 


Point F. And indeed, by Corel. 3. Problem 1. be 
(if CD and CE be let down from the Center of 

the Sphere perpendicular to the Rays, and it be- WM Sp 
ing put I: R:: CD: CE.) If. thoſe Ray {MW As 
meet in any Point Z, it will be IX NF: RN ] 
(:: NZ: EZ) :: NE: E FE, (the Point Z, to WM nc: 
wit, falling at F, according to the Hypotheſis) Rei 
1:2: 1. Wherefore IxNF=2RxNP; and hs 


I: 2 R:: NP: NF. The Proportion therefore 
of NP to NF is given; and from thence, by the 
azad Problem, the Point N will be given. To 
wit, Let the Tangent B X be drawn at the Top 
of the Circle, the Square whereof let it be to thy 
Square of the Semi-diameter BC, as 4 RR Il 
is to II- R R, and let CX be drawn. For thi 
will meet the Circle in N; and from N when 
found, the other things will eaſily be determin d 

Corol. (I.) Hence it comes to be thus, 3 RR. 
II. RR:: CN: ND q. For ſince it , 
4 RR — II: II- RR: BX: BC q. 
compounding it will be 3 RR: I I—RR 
(::CXq:BCq):CNq:ND q. 

Corol. (2.) It is alſo thus, I: 2R:::ND:N 
For it was above I: 2 R:: NP: NF. And fro 
theſe the Reſolution of the Problem become Tircle 
more expeditious. 1 
Scbolium. With the greateſt Inclination of tit 
Radius RG, the greateſt of the Arches FO 
bounded at the refracted ones NF, is allo give 
For the Angle F CQ ſubtended by FQ, is equ 


to the Angle which CF and AN comprehen N 
i. e. equal to half of the Angle comprehend & q: 
by R G and AN, or BQ; and conſequently wt -- R 
which is defin'd by the Ray AN falling upon Ce. 
Point which is now found, is the greateſt - t 2 ] 
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Arches FQ, as well as of the Angle compre- 
hended by R G and B Q. 

Problem (4.) The Sun illuſtrating a pellucid 
Sphere, to determine the leaſt Inclination to the 
Axis of the Rays emerging after two Reflections. 

Let AN and an be two incident Rays very 
near to one another; and let them, after two 
Reflections in Ff and Gg, emerge along HS and 
hs. Now it is manifeſt, that only in that Caſe 
where the acute Angle comprehended by BQ and 


he WIS H is the leaſt, thoſe Rays HS and hs can be 
ToMparallel, as was ſaid before of the Rays G R and 
op ©: And where this happens, the Ray FG will 


e parallel to fg. From whence,double the Arch 
(= to the Arch Ff +Gg= to the Arch 
G-fg=to the Arch NF—nf) is = to the 
bench nN - Ff; and conſequently triple the 
nd Rrch F f = is equal to the Arch Nn. And ſince 
RP is divided in Z, in the Proportion of thofe 
i rches, as is manifeſt; NZ will be = to 3 Z F, 
dr E Z. Since therefore by Corol. 3. Problem 1. 
ENEFECRANENPDP: N 1 
etefore the Proportion of NP to N F is given; 
d from thence, by Prob. 2. the Point N will be 
wen, by drawing B X, which may touch the 
cle in the Vertex B; and the Square whereof 
to the Square of BC, as gRR—II is to 
IRR: and by drawing CX to meet the Cic- 
mference in N. N therefore being found, the 
her things are eaſily determined. 

Corol. (1.) Hence it is, 8SRR:IT—RR:: 
Nq:NDq for 9 R R—II:II-RR:: 
Xq:BCq And by compounding 8RR:: 
--RR(::CXq:BCq)::CNq: NDq. 
Corol. (2.) It is alfo thus: T:3R::ND: 
2 Forafmuch as above it was, I: 3 R:: NP: 


T 4 A Scho- 
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A Scholium. The greateſt Inclination of the 
Ray K T to the Axis, when it emerges after three 
Reflexions , will be determin'd in the ſame man. 
ner as the greateſt of the Arches Q G; to wit, 
in that Caſe E G and fg will meet together in 6, 
and the Arch Ff (= to the Arch F g—fg=ty 
the Arch NF—n f) will be equal to N- Ff. 
and from thence doubled, the Arch Ff will he 
= to the Arch Nn and NZ will be equal i 
2 Z F, and conſequently 4 :1::NZ:EZ: 
(by Corel. 3. Prob. I.) IxNF:RxNDP::n 
I: 4R: : NP: NF. And conſequently by Pry 
the 2d, 16 R R— II: II- RR: BX B 
From whence it follows, 15 RR: II- RR:: 
CNq: N Dq; and I: 4 R:: ND: NE. 

And ſo if the leaſt Inclination of a Ray eme ow. 
ing after four Reflexions be enquir'd, it will by 
determin'd by making it thus; 25 RR —Il 
II-RR::BXq:BCq Or 24 RR: II- N 
CN: NDO. And I: N:; NDS 
And ſo on in infinitum. 

Scholium. From the Determination of th# 
Bounds of the Rainbow by the Famous Newt 
Iwill take occaſion to ſolve a certain Phznome 
non, or rather the Abſence of a certain Phæn 
menon , which ſometime hath ſeem'd to me v 
difficult, and almoſt inſolvable. And it is ths 
Why we do not ſee a Rainbow about the Sun, 
the Diſtance of about 26 Degrees ; ſince the 
the Rays come tp our Eyes by a double Refrac 
on without any Loſs in the Reflexion? For 
Computation, there is in that Place a Conſtip 
tion of the Rays requiſite and ſufficient for afted 
ing the Sight. And it increaſeth the Doubt, t 
it ſeems probable at the firſt that this ſhould! 
the principal Rainbow of all, and decked wi 
the moft lively Colours, as proceeding * 
' ; 2 2 Old 
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zouble Refraction, without any Loſs or Diminu- 
on of the reflected Rays. Fot, as the Primary 
rainbow doth far exceed the Secondary, for that 
t proceeds from a double Refraction, and one 
fngle Reflexion, whereas in the Secondary there 
re two Reflexions ; ſo one would think, that the 
Rainbow which we ſpake of, ſhould, in the Splen- 
lor of its Colours, as much exceed the Primary 
"ne of the two laſt mention'd, as that doth the 


7, econdary; and ſhould appear about the Sun like 
a moſt noble Crown, whenſoever the Air affords 
Pr Mpherical Drops in that Angle of 26 Degrees for 
ing a Rainbow. And it is to be admir d, that 
R: i Difficulty hath never been touch d upon by 


hoſe Philoſophers that have tręated of the Rain- 
ow. But our Solution of it is this: We do 
herefore ſee the Rays that are throng'd about the 
imits F and G, rather than the other, becauſe 
b many. of them, as AN an, which enter d the 
Drop of Rain parallelwiſe, return back in the 
ame manner, as RG, rg : SH, sh, and fo enter 
e Eye together; whereas on the other hand, 
nleſs they did come forth alſo in that parallel 
anner, they would make ſome Angle, and (6 
ould not enter the Eye together, how thick and - 
rong ſoever they might otherwiſe be about the 


tha eint Fand G. From whence, ſeeing the Rays 
in, hich come forth about the Point E, do not go 
theſhrth parallel, but make a certain Angle; it is 


anifeſt, that they cannot enter the Eye together, 
d conſequently cannot afford a Rainbow. 
LVI. All the Parts of an Homogeneal Ma- 
ematical Fluid, [that is, a Body, the Parts 
hereof yield to any Force whatever impreſsd,; 
id in yielding are eaſily mov'd amongſt them-. 
Ives, ] which Fluid is inclos'd in any unmov'd 
rom eſlel, and preß d on every Side, are (if Jon tes, 
EY Alide 


282 Mathematical Philoſophy. 


aſide the Conſideration of Condenſation, of 6 
vity, and of all Centripetal Force) equally preſi 
on all Sides; and remain every one of them j 
its Place, without any Motion arifing from th 
Preſſure. 
Caſe (1.) Let a Fluid, contain'd in 2 ſpher 
cal Veſſel, be uniformly preſs'd together on + 
Sides: No Part of the ſame will be mov'd by th 
Preſſure. For as if ſome Part as D ( ſee Fg. 
Plate 8.) were mov'd thereby, all the like Part; 
the ſame Diſtance from the Center muſt be mo 
in like manner; and this becauſe the Preſſure 
them all is alike and equal, and we have exclude 
all Motion but what ariſeth from the Preſſu 
But they cannot all come to rhe Center, but thi 
Parts about the Center muſt be condens'd, whid 
is conttas to the Hypotheſis; nor can they n 
cede farther from it, but there will be a Conde 
ſation about the Circumference, which is like 
wiſe contrary to the Hypotheſis: nor can they 
mov in a Circle about the Center; for «re 
Force which ſhould determine the Motion of 2 
one Part, or of them all laterally, and to eithe 
this Side or that, is here excluded; much leſs c 
the ſame Part be moy'd contrary ways at the (1 
time. Therefore no Part of the Fluid will, i 
this Caſe, be mov'd out of its Place. & E. . 
Caſe (2.) Each of the ſpherical Parts of thi 
Fluid are equally preſs'd on every Side. - For le 
E F be one of thoſe Parts; and if it be notequ 
preſs'd on all Sides, let the leſſer Preſſure be i 
creas'd, until the Preſſure be every where yntfor 
and equal; and then the Parts thereof, by the! 
Cafe (which belongs as well to this little Spher 
as to one contain'd in a ſolid Veſſel ) will rem 
in their Places. But before that Increaſe, the 


would remain in theic Places by the Foo r , 
| 
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iſe; [for we treat here of ſuch a Fluid, the 
arts whereof, as we there demonſtrated, do re- 
ain in their Places ; ) and by the Addition of a 
Force, they will be mov'd our of their Pla- 
by the Definition of a Fluid: Which two 
ings are contradictory. Therefore it was 
ly ſaid , that the Sphere E F was not equally 
relsd on every Side. 2. E. D. 

Caſe (3.) Beſides, the Preſſure of the divers 
herical Parts will be equal. For the ſpherical 
rs preſs each other equally in the Point of 
Ire WMoncat, becauſe that Reaction is always equal 
d contrary to Action. But alſo by the 2d Caſe, 
the ſpherical Parts whatever, are equally 
eſod on all Sides. Therefore any two ſpherical 
arts, not contiguous, are preſs d with the ſame 
ce, becauſe the intermediate ſpherical Part 
ucheth both. ©. E. D. 122 | 
Caſe (4.) All the Parts of this Fluid are equal- 
preſs'd on all Sides. For any two Parts may 
touch'd by ſpherical Parts in any Points what- 
ver; and there they do equally preſs thoſe 
herical Parts by the 3d Caſe ; and becauſe of Re- 


{s cu tion, which is always equal to Action, they arg 
in eiprocally equally preſſed by them. 2. E. B. 
„ Mc, (5.) Since therefore any Part whatever 


this Fluid, as G Hl, i incloſed in the reſt of 
Fluid, as in a certain Veſſel, and is equally 
(s'd on every Side; and the Parts thereof do 
ully preſs one another, and are at reft amo 

mſelves; it is manifeſt, that all the Parts o 


oy Fluid whatever, as G H I, do equally prefs 
0 18 „ and are at reſt amongſt themſelves. 


aſe (6.) Therefore; if that Fluid be inctos't 


teig: veſſel which is not rigid or unyicling, and 
- equal preſs d on every Side, 
9 wi 


—— 
. 


— 
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will give way to the ſtronger Preſſure by the þ, 
finicion of Fluidity. 

Caſe O.) Therefore, in à rigid Veſſel, a fl 
id will not ſuſtain a ſtronger Preſſure on d 
Side than on another ; but will give place to 
ſame : and that in a moment of Time, becarf 
the ſtiff Side of the Veſſel does not purſue t 
yielding Liquor. But in yielding, it will pr 
the oppoſite Side; and ſo the Preſſure will incl 
to an Equality on every Side. And, becauſe 
Fluid, as ſoon as it endeavours to depart from 
Part which is more preſs'd, it is ſtopp'd by d 
Reſiſtance of the Veſſel on the oppoſite Part, ü 
Preſſure will on every Side be reduc'd to an Eq 
lity in a Moment of Time, without local M 
tion; and immediately the Parts of the Flu 
will, by the 5th Caſe, preſs one another equally 
and be at reſt amongſt themſelves. P. E. B. 

Corol. Hence the Motions of the Parts of ſu 
a Fluid amongſt themſelves cannot be chang 
by a Preſſure, which is upon the external Surſi 
of the ſame in any Place thereof, unleſs eiths 
the Figure of the Surface be ſomewhere chang| 
or all the Parts of the Fluid, in preſſing one an 
ther more vehemently, or more remiſsly, (ii 
more eaſily or difficultly amongſt themſelves, 
Corol. (2.) But ſince the Definition and A 
tions of this Mathematical Fluid do ſeem alto 
ther to agree with the Nature and Phænome 
of natural Fluids; it is reaſonable, that the l 
monſtrations of theſe Caſes be applied to our 
tural. Fluids, to Water eſpecially, and: the lil 
From whence it will be manifeſt, that the rel 
the interval Parts of a Fluid amongſt chemſelr 
doth in no wiſe contradict the Nature of Fluid 
ty; and that all the Motion of the Parts of F 


amongſt themſelves, is to be reckon d as avi 
* ; : 2 : Ferm 
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mentation, Heat, or other extrinſick Cauſes, 
cher than to the Nature it ſelf of Fluidity. 
xr, if the Parts of a Body be either ſpherical, 
ſpheroidal, and perfectly poliſh'd, ſo that they 

never be join'd one to another, but rather do 

touch another in phyſical Point; a Conge- 
« of theſe Particles will compoſe a Body, ſuch 
is commonly call'd a Fluid, altho' thoſe Par- 
es be altogether at reſt amongſt themſelves : A 
id therefore ſeems to conſift of Parts very 
weable, but not neceſſarily mov'd. 


[Tune 2. 1706. 
CCCECCCECCCECTE:CCC 
LzcrT. XXVII. 


> CI all the Parts of a ſpherical 
9 1 


homogeneous Fluid, which are 
at equal Diſtances from the 
Ne Center, and lie upon a concen- 
trical, ſpherical Bottom, do e- 
ly gravitate towards the Center of the whole; 
Bottom ſuſtains the Weight of a Cylinder, 
Baſe whereof is equal to the Surface of the 
om; and the Altitude is the ſame as that of 
Fluid, which lies upon the Bottom. 
t (in Fig. 4. Plate 8.) d h m be the Surface 
he Bottom, and ae i the upper Surface of the 
. Let the Fluid be diſtinguiſhed by innu- 
able ſpherical Surfaces, into concentrical 
of equal Thickneſs ; and imagine the Force 
pnvity to act only upon the higher Surface 
ery Orb, and that the Actions upon equal 
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Parts of all the Surfaces are equal. The uppe 
moſt Surface therefore a e i, is prefs'd by the fi 


ple Force of its own Weight,wherewith as wel 

the Parts of the ſupreme Orb, as the 24d Surf 
bf Kk (by Prop. 56.) are preſs d. Beſides, the 2d $y 
face bfk is preſs'd by the Force of its 0 

Weight, which being added to the former Fon 
makes a double Preſſure. By this Preſſure, u 
by the Force of its own Weight withal, that! 
by a treble Prefſure, the 3d Surface cgl is ug 
And ſo the 4th Surface is urg'd with a fourf 
Preſſure, the 5th with a fivefold, and fo on. I 
Preſſure therefore wherewith every Surface 

urg'd, is not as the ſolid Quantity of the Flui 
which lies upon it, but as the Number of Ot 
unto the Top of the Fluid ; and is equal tot 
Gravity of the loweſt Orb, multiplied by d 
Number of Orbs ; that is, to the Gravity of d 
Solid; the laſt Proportion whereof unto the h 
fore-defin'd Cylinder (if ſo be the Number. 
Orbs be increas'd, and their Craſſitude diminiſh 
infinitely ; ſo that the Action of Gravity be re 
der'd continual from the toweſt Surface to ti 
uppermoſt) will become a Proportion of Equalit 
The loweſt Surface therefore ſuſtains the Weig 
of a Cylinder, the Baſe whereof is equal tot 
Surface of the Bottom; and the Altitude 
ſame as that of the Fluid lying upon it. Al 

And by the like reaſoning the Propoſition! 
manifeſt, where the Gravity decteaſerh in a 
Proportion of the Diſtance from the Center 
which may be aflign'd ; as alſo where the Fl 
upwards is more rare, and more denſe benes 

E. D. 

Corol. (I.) The Fluid therefore is not urg d 
the whole Weight of the incumbent Fluid; i 
ſuſtains only that Part of the Weight, my | 

e 
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in d in this Propoſition ; the reſt of the Weight 
ing ſuſtain'd 5 the arched Figure of the Fluid. 
Corol. (2.) If an entire Sphere conſiſteth of 
h a Fluid to the very Center, the Center will 
ain no Weight; the whole Weight being up- 
d by the arched, or rather in this Caſe by the 
erical Figure of the Fluid. 

Carol. (z.) But in equal Diſtances from the 
nter, the Quantity of the Preſſure is the ſame, 
ether the Surface be preſs d parallel to the Ho- 
on, or perpendicular, or obliquely ; and whe- 
r the Fluid, as continued upwards from the 
ace preſs'd, ariſeth perpendicularly according 
a right Line, or creeps along obliquely by 
poked Cavities and Channels, and thofe regu- 
or never ſo irregular, wide or narrow. That 
Preſſure is nothing chang'd by theſe Circum- 
nces, is gathered by applying the Demonſtra- 
of this Propoſition to every Caſe of Fluids. 
oro. (4.) By the ſame Demonſtration (and 
. 56. foregoing) it is collected, that the Parts 
an heavy Fluid acquire no Motion amongſt 
mſelves from the Preſſure of a Body lying up- 
them; if ſo be the Motion which ariſeth 

Condenſation be excluded. 
rol. (5.) And therefore, if another Body of 
lame ſpecifick Gravity, which cannor be con- 
sd, be immerg'd into this Fluid, it will ac- 
e no Motion from the Weight of the Body 
g upon it; it will not aſcend nor deſcend ; 
will it be compell'd to chagge its Figure: If 
ſpherical, it will remain frical if ſquare 
ill remain fo, the Preſſure notwithſtanding ; 
this whether it be hard or ſoft, or even the 
Fluid; whether it float freely in the Fluid, 
ink. For every internal Pare of the Fluid. 
the Nature of a Body immers d; * the 
ame 
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ſame is to be ſaid of it, as of all Bodies immiery 
which are of the ſame Magnitude, Figure, y 
ſpecifick Gravity. If the Body immerg'd ſhou 
become liquid, keeping its Weight till, and o 
on the Form of a Fluid, if it before aſcended 
deſcended ; or from the Preſſure put on a new | 
gure, it would do the fame till ; and that becu 
the (Gravity thereof, and the other Cauſzs ( 
Motion, do remain. But by the $th Caſe of d 
former Propoſition, it would now reſt, and reui 
its Figure: Therefore it did ſo before alſo. 
Corol. (6.) Therefore a Body, which is ſpec 
fically more heavy than the Fluid which is c 
tiguous to it, will ſink ; and that which is ſpec 
fically lighter will aſcend, and will obtain 
much Motion and Change of Figure, as th 
Exceſs or Defe& of Gravity can cauſe. For th 
Exceſs and Defe& hath the Nature of an Impul 
wherewith the Body, otherwiſe conſtituted in 
Aquilibrium with the Parts of a Fluid, is urged 
and may be compared with the Exceſs or Deſ 
of Weight in either Part of a Balance. 
Corol. (.) Therefore the Gravity of Bod. 
placed in Fluids is twofold ,- the one true and! 
ſolute; the other apparent, vulgar, and com 
rative. The abſolute Gravity is that whole Fo 
whereby a Body tends downwards, or would 
ſcend in an empty Place. The relative and 
gar Gravity is the Exceſs of Gravity, whereby 
Body doth tend more downwards than the Fl 
that encompaſſethgit. The Parts of Fluids, 
of all Bodies, gravitate in their proper Pla 
with the former Sort of Gravity; and therek 
with their conjoin'd Weights, they compoſe ! 
Weight of the whole. For every whole 1s he 
as may be experienced in Veſſels full of Liqudt 


and the Weight of the Whole is equal ln 
t cig 


Mathematical Philoſophy. 289 
Weights of all. the Parts, and therefore is com- 
pounded of the ſame; for it can be deriv'd from 
no where elſe. With the other Sort of Gravity, 
which may be called apparent, vulgar, and com- 
el M prrative, Bodies do not gravitate in their o 

places, or immers'd in their Fluids reſpectively, 
bat is, compar'd amongſt themſelves, are not 
ne heavier. than another, but hindering the 
-nd:avours of one another to deſcend, . the) 
abide in their own Places, as if they were na 
ey: Like as any heavy Bodies whatever, pla- 
d within a concaye Sphere from the Equality of 
cavitation every way, do appear in no wile to 
rravitate, as was obſery'd above. Thus the 
dings which ace in the Air, and do not over- 
s tiWejgh, or deſcend at all in the Air, as Clouds and 
r U pours are judged by the Vulgar not to gravi- 
ace at all. What things ovorweigh the Aix, 2 


| in Wonſequencly deſcend in it, as not being ſuſtain 
ue the Weight of the Air, as Hail and Drops 


ain; theſe the Vulgar judge heavy, The vu 
ar Weights zee noching elſe, but the Excels of 
de true Weights above the Weight of the Air. 

om whence alſo thoſe things are common 
omtcem'd light, which are leſs heavy; and whilt 
y-give ng gavha Weight gf the Air, aſcend 
Wards. And:they may be ſaid to be compara- 
ely light; but) nat abſolutely, for that they 
reh dad deſoend in a Vacuum. o S0 likewiſe in Wa- 
the Bodies which aſcend or deſgend by rea- 
af their leſfer! or greater Gravity , are com- 
seh and apparently light and heavy; aud 
cre ec comparative Mavity or Gravity is the Defect 
Exceſs ;wherewich their true Gravity either is 
* ceeded by ity. of ehe Water, or doth 
e eed it. But hv hat things do neither aſcend nor 
end, alheit they W Weights or 
* creaſe 
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creaſe the Weight of the whole; yet compare. 
tively, and in the Senſe of the Vulgar ( and of 
Philoſophers too of late) they do not gravitae 
in the Water : For the Demonſtration of theſe 
Caſes is the ſame. 

Corol, (8.) Thoſe things which have been 
faid concerning Gravity, and the Force w 
Bodies deſcend to the Center of the Earth, in 
either an abſolute, or reciprocal duplicate Pre 

rtion of the Diſtances, are to be underſtood tr 
hold in all other Centripetal Forces both abſolu 
and increas'd or diminiſh'd, according to any Pr. 
portion whatſoever of the Diminution or I 
\ creaſe of the Diſtance. 
Corol. (9.) And therefore, if the Mediom 
wherein any Body is mov'd, be urg'd either wit 
its own Gravity, or any other Centripetal Force 
ſo that the Body, by means of the ſame, ispuſhi 
.on more forcibly than otherwiſe it would be 
the Difference of the Forces is to be eſtimate 
from that moving Force which, in what got 
before, we have confider'd as a Centripetal Forct 
But, if the Body be urged more lighely, the Di 
ference of the Forces is to / be reckon d for a Fora 
which tends from the Center. 8 

Corol. (10. Since Fluids, in preſſing the i 
cluded Bodies, do not change their external 
gures 3 it is manifeſt, by the Corollaries of d 

oregoing Propoſition, that they will not chan 
the Situation of the internal Parts : 
ſelves; and confequently will not hurt Anim 
immers'd in them, neither will they excite 3 
Senſation in them, if 1 if 
the Motion of the Parts; only ſo far forth 
theſe Bodies may be condens d by a Compreti 
which is on all Sides of them: And the ſame 
to be ſaid of any Syſtem of Bodies what? 
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which is encompaſs'd with ſome Fluid, and com- 
preſs'd thereby. As to the Parts of the Syſtem, 
and their Motions, it will be the ſame as if ic 
was in a Vacuum; and they will retain only their 
comparative Gravity, unleſs the Fluid do reſiſt 
their Motions, or be neceſſary to the keeping 
them - 7” by its Compreſſion. > | 
LVIII. Fluids, which are not in a Deſcent, 
do in every given Baſe preſs themſelves, and 
other Bodies , as well thoſe which are immers'd, 
2 the containing, in Proportion of the perpen- 
dicular Altitude, and not of the Quantity of the 
Matter ; that is, the Preſſure of a Cylinder of 
Vater, of the Heighth of four Feet, where the 
ea of the Circle of the Cylindrical Column is 
ly of one Inch ſquare, is equal to the Preſſure 
f a Cylinder of Water of four Feet high, 
here the Area of the Circle of the Cylindricai 
dlumn is of 200 or 1000 ſquare Inches, and 
us every where; to wit, if the Baſe of the 
ater, communicating with the Water contained 
the Tube, be in both Caſes equal. This is a 
oſt known Rule in Hydroſtaticks, often found 
Experiments, which I ſhall endeavour to de- 
onſtrate as follows, it not having been demon- 
ed hitherto, as I ſuppoſe, phyſically or ma- 
ematically. It is well known, that the Quan- 
of any moving Force, or the Effect anſwer- 

s thereto, doth ariſe from the Quantity of the 
atter multiplied into the Velocity; and conſe- 
ently that whaeſoever the Matter which is 
d be, as to its Quantity, the Preſſure will be 
ſame, if the Velocity be reciprocally propor- 
tal thereto. -' Thus the Forces of the Balance, 
ver, and other ſuch mechanical Inſtruments, 
eri d from the Combination of theſe” two 
, the Matter and the Velocity; and you 
U 2 may 


nal it 
of t 


che 
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may move any Weight whatſoever, by any Forc: MI, 
how ſmall ſoever, if the Diſtance of the Preſſure, WM, 
or ſmaller Weight from the Hypomochlion, be,. 
reciprocally proportionated to that of Weights, WM. 
Thus one Poundweight , at the Diſtance of four; 
Feet from the Hypomochlium, is as much as four 0 
Pounds at thr Diſtance of one Foot ; for here the 
ſingle Pound is mov'd with a Velocity, which i; 
fourfold of that of the other ; and conſequently i 
of equal Force in its Motion. Whilſt it is moving, 
I ſay, but not otherwiſe, as many ſeem to reckon, 
For if at any time the Machine reſts, it is mani 
feſt, that the Gravity, or Preſſure, or Force, is 
now in Proportion to the Matter, and the four 
Poundweight is four Pounds, and the one Pound 
weight no more than one Pound. [ If at ay 
time the Machine reſts, Ifay. For indeed, if v 
ſpeak phyſically, or at leaſt mathematically, a 
Body doth wholly reſt ; but every Body, is thet 
ſaid to reſt, when the Quantity of the, Motion! 
ſo ſmall, that it cannot be perceiv d.] According} 
therefore to what hath been ſaid, the Water cot 


tain'd, and the Veſſel alſo which contains it, a8 C 
always in ſome ſort of Motion, and do never puhe f 
fealy reſt ; [ which indeed if they did, a Colum or tl 
of Water, as I ſuppoſe, that is, an hundred - i C, 


greater, and conſequently of an hundred-iol 
greater abſolute Gravity, would prgſs, the Veik 
an hundred-fold more: ] But the abſolute Re 
of the ſame not being to be ſuppos'd, it is to 
ſaid, that the Preſſure of a Column of Wai 
the Area of the Baſe whereof is of one Fv 
and that of a Column whoſe Baſe is 100 F 
ſquare, is the fame ; while the Exceſe, to Wis 
the latter Column, in reſpect of an hundred. 
Magnitude and abſolute Gravity, is cmpenis 
and counter - balanc d by the hundreds fold £ N 
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Velocity of Deſcent in the leſſer Column: And 
orce Wl mat the Caſe is the ſame here with that of an in- 
ure, Bl rected Syphon of unequal Legs, where the Wa- 
„be er keeps an Aquilibrium, by reaſon of the Ve- 
his. WY locities of Aſcent or Deſcent, which are in both 
four me Channels reciprocally proportional to the 
four W Quantity of the Water. 
the Corol. (x.) Fluids therefore preſs, not in Pro- 
h ü portion of the Quantity of the Matter preſſing, 
bor of the perpendicular Altitudes. 

Corol. (2.) Therefore a Wooden Trencher, 
thruſt down to the Bottom of a Bucket of Water, 
WE vill riſe to the Top, notwithſtanding the Quan- 
iy of the Water which lies upon it is much 
greater than that which is under it; for by reaſon 
ff the Communication which is, by the ſmall In- 
terval that is betwixe the Edge of the Trencher 
and the Bucket, betwixt that little Cylinder of 

ater that is under the Trencher, and that Cy- 
inder which is above it; the Weight of the in- 


itt up che Trencher with a Force equal io the 
ad incumbent Weight. 

Corol. (3.) There is no. Occaſion therefore for 
he Hylarchic Principle of the Famous Dr. More, 
or the ſolving this Effect. 

Corol. (4.) Thus it is with Fluids not actually 
leſcending. But if they, wirh the Veſſel con- 
aining, do by the common Force of Gravity of 
nem all actually deſcend ; the Communication 
{ the Preſſure, as I ſuppoſe, paſſeth away, and 
e Effect thereof ceaſeth; but this ſo, that even 
ll, as in the former Caſe, the Preſſure is ac- 
ording to the perpendicular Altitude, and is the 
me where that Altitude is the ſame, whatſoever 
e Column is otherwiſe, as to its Magnitude, 
little or great: So that at length we 

9393 may 


—— N 


r . m TY OOO 3233 


| 
| 
| | 


umbent Water will make that which is under, to 
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may make the Propoſition more univerſal, an 
ſay, without any Reſtriction, that Fluids do preſ 
according to their perpendicular Altitudes, and 
not according to the Quantity of the Matter. 


November 11. 1706. 
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LE c r. XXVIIL 


LIX.» F the Denſity of a Fluid, com 
HOI! pos'd of Particles which Jo E 


4 

I. © from each other, be as the Con 
2 preſſion; ſo that if the preſſiq 
Force be two, or four, or eight 
fold, the Denſity thence ariſing is ſo likewiſe 
the Centrifugal Force of the Particles is recipre 
cAly proportional to the Diſtances from the Cet 

ter: And, vice versd, where the ſaid Force is 
ciprocally proportional to the Diſtances frot 
their Centers, the Particles which flee from eac 
other compoſe an elaſtic Fluid, the Denſity when 

of is proportional to the Compreſſion. 

Let a Fluid be underſtood to be inclos'd in ti 
cubic Space ACE, (lee Fig. 5. Plate 8.) and the 
to be brought by Compreſſion into a leſs cub 
Space ace. Here the Diſtances of the Particle 
by reaſon of their keeping the like Situatic 
amongſt themſelves in both Spaces, according. 
the Nature of Fluidity, will be as the Sides of ti 
Cubes A B, a b; and the Denſities of the Fluid, rec 
procally as the cubic Spaces ACE, ac e. Let d 
Square DP be taken in theSide ABCD of the gres 

| «2:8 Ude 


. ; "= ! 
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Cube, equal to d b the Square of the Side of the 
lfſer Cube. And by the Hypotheſis, the Preſ- 
ſure wherewith the Square DP urgeth the inclo- 
Ed Fluid (or is urged thereby) will be to the 
Preſſure wherewith the Square d b urges its inclo- 
ſed Fluid, as the Denſities of the Medium are to 
each other; that is, ab cub. to AB cub. But 
the Preſſure wherewith the Square BD urgeth 
the incloſed Fluid, is to that wherewith the 
Square DP urgeth its Fluid, as the Square DB is 
to the Square DP, or as ABq is to abq. There- 
fore, by — the Preſſure where with the 
Square DB urgeth its Fluid, is to that wherewich 
the Square d b urgeth its Fluid, asab is to AB; 
"Wor reciprocally, as the Diſtance of the Particles. 
Hor the triplicate Proportion of the Sides a b and 
\ B, being ſubſtracted from the duplicate Propor- 
ion of the ſame; the ſimple Proportion of the 
dides, or the Diſtance of the Particles, remains 
eciprocally proportional to the Preſſure of the 
ame upon the Veſſel containing. As for Exam- 
le: Let the greater Cube be eight - fold of the leſ- 
r, or the Side of the greater double of the Side 
the leſſer. Then indeed, the Denſity of the 
luid, in the leſſer Veſſel, will be eight-fold of 
e Denſity in the greater, by reaſon of the ſame 
Quantity of Matter contain'd in an eight-fold 
gs Space. And when by the Hypotheſis, the 
dmpreflion into the given Space was made ex- 
aly proportional to the Denſity, the whole 
dmpreflion, or the compreſſing Force, adequate 
d the ſame in the leſſer Cube, will be in the 
ght-fold Proportion of the Compreſſion, or 
dmprefling Force, in the greater; But the en- 
e Surface, where with the Compreſſion, or the 
ace of every Square in the leſſer Cube, is to 
e Surface of every Homologous Square in the 
U4 greater, 
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greater, in à ſub-quadruple Proportion. The 
eight fold Preſſure therefore is to be compared 
with another Preſſure of the fame Particle, dif. 
pers'd into a four-fold greater Space, Therefore, 
in a Space four-fold leſs, the ſame Quantity of 
Matter, or the ſame Particles of the Fluid, ſuftain 
an cight-fold Preſſure; wherefore every ſingle 
Particle muſt needs ſuſtain a Preſſure twofold 
greater; or, that the Centrifugal Forces of the 
Particles ſhould be reciprocally proportionol to 
the Diſtances of the ſame. P. E. D. 

Thus if, by the Planes FGH, fgh drawn 
through the midſt of the Cubes, the Fluid be 
diſtinguiſh'd into two Parts ; heſe will mutually 
preſs each other with the ſame Force, wherewith 
they are preſs'd by the Planes A C, ac; that is 
in the Proportion of a b to AB; and conſequent 
ly the Centrifugal Force, whereby theſe Preſſure 
are ſuſtain'd, are in the ſame Proportion. Be 
cauſe of the ſame Number, and the ſame Situs 
tion of the Particles in both the Cubes, the cor 
jun& Force with all the Particles exerciſe upon 
all, according to the Planes FG H, fg h, 2e 
the Force which each exerciſeth upon each 
Therefore the Force which each exerciſeth upot 
each, according to the Plane FGH in the greatef 
Cube, is to the Forte which each exerciſeth up 
on each, according to the Plane f g h in the leſſa 
Cube, as a b is to AB; that is, as we have 
ready demonſtrated, reciprocaliy as the Diſtanc 
of the Particles from one another. 2. E. I 
And, vice verſa, if the Force of each Particle bl 
reciprocally, as the Diſtance of the Particles, i.& 
reciprocally as the Sides of the Cubes A B, ab 
the Sums of the Forces will be in the ſame Pi 
portion, and the Preſſure of the Squares D B, dh 


as the Sums of the Forces; and the Preſſure - 
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kauare DP, to the Preſſure of the Square D B, 
dq, to ABq. And by Equality, the Prefſure 
# the Square DP, to the Preſſure of the Square 
b as a b cub. to A B cub. for the Simple Pro- 
ortion being compounded with the Duplicate, 
brms a Triplicate one; ſo that the Force of the 
mpreflion in the one, is to the Force of the 
ompreffion in the other, as the Denſity of the 
Fluid in the former, to the Denſity of the Fluid 
n the latter. 2. E. D. 

Corol. (x.) Since therefore it is manifeſt by 
xperiments, that the Denſity of our Air, com- 
rels'd and rarified by Turns, is Proportional 
rery where to the compreſſing Force, or the 
ampreflion it ſelf; it ſeems that the Air con- 
its of Particles which flee from, or chaſe away 
ne another in the inverſe Proportion of the Di- 


Jure ances. For altho' this Centrifugal Force may 
Beem Diametrically oppoſite to the Univerſal cen- 
ius ripetal Force or Gravity which we ſpake of, ſo 
xonWhar it cannot conſiſt of the ſame ; yet ic may 
uponWome to paſs, that beſides that general Law of 
re wfſravicy which belongs to Matter as ſuch, and 
eachW'icthout any Reſpect had to the Figures, Forms, 
upouircumſtances or Motions of the ſame; there 


eaterpay be other Laws, and natural Forces, whe- 
1 up-WW'er of attracting, or the conttary, belonging to 
flere ſpecial Figures, Forms, Circumſtances or 
e otions of Particles of Matter, and in 4 pecu- 
noir Manner annexed to the fame, upon which 
7, Dilany of the more difficult Phenomena of Nature 
lc py depend. Thus indeed it feems, that the 
,, i, erticles of Air, when they have acquir'd that 
0 euliar Temperament, Figure or For, from 
"ich they are fitted to compoſe ſuch an Elaftic 
ind as we call Air, are immediately ſubje& to 
if tone new and ſpecial Law or Centrifugal Force 
zun belonging 
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belonging to ſuch Particles, and ſuch 
For our moſt perſpicacious Author doth juft 
ſuſpe&, that the greateſt Part of the ſpecial Ph 
nomena of Nature depend upon ſuch a Force 
hath been mentioned, and are owing to Cauſes 
not yet known, whereby Particles of Matter au 
either driven upon one another, and fo cohere ir 
regular Figures ; or are driven away, and reced: 
from one another ; which Force being unknown 
it is no wonder that Philoſophers hitherto ham 
in vain attempted to explicate the Works of Na 
ture; and which conſequently being now b 
degrees diſcover'd, or in the way to be 6 
ic is to be hoped that in Time, at leaſt, w 
ſhall come at length unto, tho' not the primary 
Cauſes, yet the next to them, and ſuch as will 
as well accommodated to Geometrical Calculz 
tion, as Humane Uſes. | 
Scholium. But what hath been (aid concerning 
the Centrifugal Forces of the Air, and ſuch lik 
Fluids, is to be underſtood of ſuch Forces only 
25 are terminated in the next Particles, or diffus 
not much further: Examples of which we hav 
in magnctic Bodies; the attractive Force of whid 
is terminated almoſt in Bodies of their own Kind 
which are next to them. The Loadſtone's Ver 
tue is contracted by a Plate of Iron which 8 
interpos'd, and almoſt terminated in the ſame, 
For the more remote Bodies are not ſo mud 
drawn by the Magnet it ſelf, as by the Pla 
In like manner, when Particles chaſe away othe 
Particles of their Kind which are next to then 
their Force in the mean while not reaching und 
remoter Particles, of them ſuch Fluids will d 
compos d, as we have been treating of in ti 


Propoſition. 
Cn 
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Corol, (2.) By the ſame Reaſon it ſeems, that 
eides the general Force of Gravity, there are 
cher attractive Forces peculiar to the Particles 
f ſome Bodies, or to very ſmall Diſtances, and 
cher Circumſtances of particular Bodies, from 
thence Phenomena, otherwiſe unaccountable, 
ill naturally proceed. From ſuch an Attraction 
this, the Refraction or Inflection of the Rays 
f Light in Pellucid, or about the Angles of 
make Bodies, which, to wit, do attract before the 
ontact, and the more forcibly at the leſſer Di- 
tance; as our Author hath obſerved in his ex- 
lent Optic Treatiſe, And from the like 
zuſe, as he notes in his Latin Edition of the 
ame Work, the Spheric Figure of little Drops 
oth of Quick-Silver, and the like Fluids ſeems 
o ariſe. For theſe Particles, as it ſeems when 

a little Diſtance from each other, attract 
trongly ; and like as in the great Bodies the 
Planets, their Spherical, Figure reſults from an 
qual Gravitation of the Conſtituant Parts one 
wards another; ſo it is reaſonable to derive the 

Wpherical Figure of the little Drops which we 
ia ere ſpeaking of, from an equal Centripetal 
orce of the: Parlcher that compoſe them, whilſt 
hey approach to one another; eſpecially ſince 
e ſee that theſe Particles do ſo quickly, and in 
Moment, and ſo exactly caſt themſelves into 
he ſaid Figure; as is. manifeſt in the known 
Phenomena of the Rainbow, which are wholly 
wing to an inſtantaneous and moſt exact Con- 
mation of the Particles into that Figure. And 
d the ſame Cauſe are ſome other Phenomena of 
luids, which are otherwiſe moſt difficult to be 
T d, reaſonably attributed. But this by the 
Va. | | 


1 


LX. The 


goo Mathematical Philoſophy. 


LX. The Quantity of Matter in ll Bodies, 
exactly proportional to their Weight. | 
For when the Reſiſtance of the Air is take, 
away, as is done in Mr. Boyles Vacuum; all Bodie 
whether they ſeem moſt ſolid and heavy, « 
moſt rare and light, deſcend together with 
common and given Velocity, as ſoon as they 2 
let down from the ſame Heighth. All Pend 
ow Bodies alſo whatever, where the Centers 
ibration are equidiſtant from the ' Center « 
Suſpenſion, do even in the Air Deſcend and Ad! 
cend together, for a great Space of Time, if 
begin at the ſame Time to vibrate, in an equi ere 
Arch of the ſame, or an equal Cycloid, or even 
Arch unequal; and where an equal Arch isd 
ſcrib'd, they are mov'd altogether with the ſan urſa 
Celerity, whether they be hard or ſoft, ſolid ee! 
liquid; whether great or ſmall, or of whatſoe e 
Form =_ Fi — From — it is 1 
that the moving Force is every- where in the ſamd 
Proportion with the Matter to be mov d; ot thit [the 
the ſame Force of Gravity doth equally aifea i 
Bodies in the ſame Diſtance from the Center d 
the Earth. For that great Bodies do, cate 
poribes, defcend ſomething more ſwiftly, aii"* 
keep their Motions ſomething longer; chis 
from hence, namely, that the Surface of Bodie 
according to which they are expos'd to the Re 
ſiftance of the Air, or any Medium whatere 
is in Similar Bodies, in the duplicate Proporta 
only of the Diameters, or Homologous Sie. 
whereas the Solidity of the fame, according f es 
which, both the Quantity of Matter, and uf, f 
Force of Gravity is to be ted, is in the nen: 
plicate Proportion of the ſaid Sides: So chem 
the Diameter of a Ball of Stone be Three fold Peet 
that of another Ball of the ſame Matter, the Su 
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ce of the ſame, and conſequently the Velocity 
eing given, the Reſiſtance it meets with in the 
jr, will be only Nine · fold of that of the other; 
ben, nevertheleſs, its Solidity, and Qantity o 
latter, and Gravity which is Proportional there- 
, will be Twenty-ſeven-fold of the fame in the 
ther, From whence it is no Wonder, that the 
efiſtance, which in Proportion of the Gravity, 
;ſomuch leſs in the greater Sphere, ſhould affect 
id retard the ſame Sphere in 2 leſſer Proportion 
in it affects and retards the leſſer. But that 
ere is ſo great a Difference of Velocity of De- 
ent in the Air, betwixt Gold and Cheff, ſup- 
oe, this depends not only upon this Difference of 
urfaces, but eſpecially upon rhe Difference of 
oecific Gravity, whereby Gold doth far more 
ceed the Gravity of che Air, than Chaff doth ; 
ut the Exceſs of the Specific Gravity of a Body 
eſcending in the Air, above the Spediſic Gravi 
{the Air it {elf ; chis alone is that Gravity, hi 
res a Body which is placed in the Air to deſcend, 


ve ſhew't above, And therefore it is not to be 


onder'd, that Gold ſhould fall in the Air much 
ore ſwifely than Chaff, alcho' in a Vacuum they 
re always obſerv d to deſeend with' equal Velo» 


WoigT? oi: mit M03 Al 

Scbolium. If the Velocity it ſelf of all Bodies in 
Vacuum, upon the Surface of the Earth, be re- 
uir'd to be given in known Meaſures i; we are to 
now, that as well by the direct Obſervation of 
jodies falling Perpendicularly, as by the Vibra- 
ons of Pendulums, and Computation made 
om thence by Hugens ; it is with the Conſent of 
zeometricians, determin'd to be of that Quan- 
ty, that in one zd of Time, Bodies deſcend 15 
Feet of Paris, or x6| x Engliſh Feet; or in the 
Pace of one Hour, 208656000 Engliſh 3 = 

almo 


\ 
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almoſt 40000 Engliſh Miles; as from the Cale 
lation, according to which Bodies deſcend, j 
the Proportion of the Time duplicated, it w 
preſently appear. | 
LXI. In Pendulous Bodies, which are reſiſts 
only in the Proportion of the Velocity, whe 
the Vibrations are in a Cycloid, whether d 
Arches deſcrib'd be greater or leſſer, are eve 
where Iſochronal. 
The Truth of the Propoſition, as ſpoken of 
a Vacuum, where there is no Reſiſtance of d 
Medium, hath been demonſtrated above, 
if the Reſiſtance be as the Velocity, or as d 
Arch every where to be deſcrib'd ; the reſt 
the Velocity ſhall likewiſe be in the ſame Prope 
tion; and conſequently the Time of Vibratir 
will be equally retarded on both Sides, and tt 
Vibrations will ſtill remain as before, 5. e. 
equal Time. 2. E. DP). 15 
Corol. Therefore reſiſting Mediums, make th 
Time of each Vibration longer than it would 
in a Vacuum. And Experience teſtifies this « 
Pendulum Clocks; the Vibrations whereof, ba 
been obſerv'd to be perform'd ſomething me 
quickly in a Vacuum, than in the Air. For tit 
Reſiſtance takes off ſomething from the Force « 
the moving Gravity, and conſequently doth fon 
thing refract or leſſen its Effect, and the Veloci 
of the Motion. | 1 
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LE c r. XXIX. 


Odies mov d with an un ual 
Velocity in 2 v Subtle 


VII. — 
Fluid, are reſiſted by the 
— in the Duplicate Pro- 


Ken portion of the Veloci 


t 

For ſince the Body which is mov d the {rifeer, 
ah both paſs through a greater Part of the Me- 
um, in Proportion of its Velocity, and meets 
ery unequal Part of che Medium with greater 
orce, in Proportion of the ſame Velocity, the 
bole Reſiſtance ariſing from both Cauſes con- 
in d, will neceſſarily be in the Duplicate — 
tion of the ſame Velocity. Which Pro 
dn doth agree well with Experiments. A beit 
e Defect, as to Slipperineſs of the Parts in the 
i, which ive Way, ariſing from Elaſticity, 
d ſome Coheſion of the Parts of moſt Fluids, 
uſt needs ſomething diſturb that Proportion. 
Coro!, (2.) Since therefore, the Vibrations of 
dulums in a Cycloid, where the Reſiſtance is 
the Simple Proportion of the Velocity, would 
Iſochronal; but the Reſiſtance i inthe Air, and 
ch like Mediutns, is almoſt in- the Duplicate 
portion of the Velocity; it is manifeſt that 
Times of Vibrations in a Cycloid, and much 

in 2 Circle, are, when the Vibration is in 
Air, not altogether in divers Arches, but in 
greater Arches, ſomething un by Rear 
i of the too you err 15 


01 


304 Mathematical Philoſophy. 
Corol. (2.) Henced it follows, that for 
moſt exactly: obtaining the Equality of Times 
Pendulum Clocks, it is requiſice that the Pendy 
lums ſhould always deſcribe the ſame Arche; 
otherwiſe. by Reafon of the unequal Veloci 
where the Arches deſcribed are greater, the M 
tion will be flower; where leſſer, it will . 
ſwifter than it ought to he. From whence aff 
the Cauſe may be ſhew'd, why greater Clock 
placed in a Ship, and toſs'd up and down, do u 
ſo exactly ſhew the Hours, as thofe which u 
upon Land, and are at Reſt, For by Reaſon 
the Concuſſion, Arches are defcrib'd- ſometim 
reater, and ſometimes leſſer; and from chen 
ome Inequality muſt neceſſarily follow.::; | 
Corol. (3.) Shorter Vibrations, whether is 
Cycloid, or in à Circle, are more Wochron 
than longer; which 4s becauſe of the Reſiſtun 
of the diſturbing Medium; and the ſhorteſth 
perform'd in the ſame Times nearly as in 2 
cuum ; where alſo the Cydloid, and Circle, 
juſt coincide, and the Vibrations in one, fan 
differ from thoſe in the other. From when 
alſo, the Pendulum Clocks, which are goiet 
by a long Pendulum, do fhew the Hours mu 
more exactly, than thoſe wich have a. ſhan 
Pendulum; foraſmuch as far leſſer Anches 
deſerib d by thoſe than theſe. ut thę i ime 
thoſe Vibrations which are made in g 
Arches, are ſomething greater, becaulſt the | 
Nance whereby the Time is lengthened; iis gre 
er, in Propottion of the Lengch deſamb'd in! 
Deſcent, hs wit, becauſe of che greater Ve 
city ) than the Reſiſtance in the ſubſequent 
cent, whereby the Time is Contracted. Bu. 
Time of Vibrations, as well ſhort as long, f 
ſomething lengthned by the Motion of the! 
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um. For when Bodies become ſlower in their 
Motion, they are a little leſs reſiſted ; and when 
they are accelerated, a little more, than when 
they are mov'd uniformly ; becauſe whilſt the 
Medium goes forward the ſame way with 
the Bodies, by that Motion which it hath re- 
eivd from them, in the former Caſe it is the 
more agitated, in the latter leſs; and conſequent- 
ly doth more or leſs conſpire with the Bodies 
noved in it. It reſiſts Pendulums therefore in 
heir Deſcent more, in their Aſcent leſs; and 
rom both Cauſes the Time is lengthened. Wi 
LXIII. All Sounds, whether ſmall or great, do 
o almoſt with one given Degree of Velocity; and 
his given Velocity is ſo ſwift that it conſtantly 
zoes about 1142 Feet in one Second of Time, 
hich is Eight Miles in juſt 37”, or about 68520 
eet; that is, near 13 Miles in an entire firſt 
inute, or near 780 Miles in an Hour. 

For all Sounds, whether great or ſmall, muſt 
o with the ſame Velocity which a Stone, or 
ther deſcending Body falling from half the 
leight of the Atmoſphere, ſuppoſing it uniform, 
e juſt ſo high as by its Weight would reduce 
r Air on the Earth's Surface to its preſent De- 
ee of Denſity; I fay all Sounds muſt go with 
e ſame Velocity, which a Stone at laſt would 
quire by falling from half that Height ; or, 
hich is the ſame thing , that Sounds muſt go fo 
r 25 that entire Height comes to in the ſame 
ime that the Stone would deſcend from the one 
lf of that Height; becauſe the laſt Velocity 
quir'd, if it had been uniformly continued all 
at while, would have gone twice as far as that 
ne which had been deſcrib'd by an unequal Ve- 
ty, gradually increaſing from Reſt, as we 
'e above from Galilæo demonſtrated p.; and 
p 4 - there- 
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therefore in the ſame time would have gone the 


whole Height of that uniform Atmoſphere 
Now this Stone falling from half chat Height 
deſcends to the Earth in about ſuch a Space 0 
Time as anſwers to the former Obſervations o 
the Velocity of Sounds. Now, that Sounds my 


needs go with the ſame Swiftneſs that a Stong 


would arrive at from half that Height before 
mentioned, is thus demonſtrated. The deſcent 
ing Stone js urged downwards only by its ow 
natural Gravity, or infinitely ſmall R 0 
Velocity uniformly impreſs'd upon it; and ſo i 
Velocity in equal Time has an equal Increaſe 


and becomes greater exactly in the Proportion off 


the Time of its Deſcent. The Atmoſphere 


Tenſion or Elaſticity, which conveys the Sounꝗi 
with its own natural Degree of Velocity, or af 


tempt to Motion, ariſes alſo in this Caſe from th 
natural Gravity of each phyſical Part of the ur 


per Surface uniformly augmented by the Addictio 


of equal Parts of the inferior Surfaces quite dow 


to the Bottom; ſo that in both Caſes, the Veloci 


ty actually acquir'd in one is the fame with th 
Conatus ad motum, the Tenſion or beginning Ve 
locity of the other : Juſt like two Gneli or naſce 
Quantities originally equal, and which afrerwar 
are augmented in the ſame Proportion, whe 

laſt Quantities muſt therefore be equal alk 
This being ſo, and the Tenſion of the Parts ( 
the Air being almoſt the Tame, whether the Me 
tion or Sound be great or ſmall ; tis plain, t 

tho! the Quantity of the Sound will be in Pr 
portion to the Quickneſs of the Vibrations oft 


_ / Sounding Body, and if that Velocity be incres 


by the Concurrence of the Wind, or diminiſh 
by its Oppoſition, the Sound wilt either! 
ſtronger and reach farther, or be weaker * ſt 

00N 
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boner; . yet will the Velocity of the Sound ſelf 
e always proportionable to the Tenſion of the 
lic which conveys it, and that Tenſion being 
early fix d and certain, this Velocity of all 
Funds muſt be nearly fix'd and certain. Now 
what Time is neceſſary for the Deſcent of a Stone 
om half the Altitude of ſuch an uniform At- 
oſphere, as we have before ſuppos'd, will. be 
hus compuey: The ſpecifick Weight of Water 
that of Quickſilver, is known by many Trials 
0 be as abont x to 13 1; and when the Mercury 
zo Inches in Altitude, the ſpecifick Gravity of 
ir to that of Water is about that of f to near 
oo, as has been found alſo by many Tryals. 
ay indeed, conſidering that moſt of the Elder 
ad Foreign Experiments come nearer to that of 


to a 1000 j and that however che ſpecifick Gra- 
8 


ty of chaſe Parts which are properly elaſtical 
fir, if they were freed from Vapors and other 


io odies which are no, elaſtical, and have nothing 


do in the Conveyance of Sounds, would be 


en not the roooth Part; I ſhall chuſe x to 


100 for the Proportion of Air properly ſpeakin 


I Water: whence it will follow that true elaſtica 


ir will bg fo Quickſilver as x to 15125, and zo 
ches of Quickfilver, which is a Balance for an 
qual Column of Air, will correſpond to 30 
mes 15125 Inches of Air, or to 453750 Inches 
ercof ; that is, to 37812 Engliſh Feet, or about 
Engliſh Miles; which, if the Air were uniform 
Denſity, would be its entir e Altitude. But 
ling Bodies are known to deſcend half that 
Itieude, or 189056 Feet in about 34 Seconds of 
ime. Whence Sounds ought ts propagate 
kmſelves with ſuch a Velocity, as will carry 
km 37812 Feet; the Altitude of the Air, if it 
ere uniform in Denſity; in che Space of a little 

55 above 
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above 34 Seconds, the Time of a Stone's Deſcen 
from half that Altitude; and by conſequence wil 
be propagated about 142 Feet in one Second 
about 68520 Feet, or near 13 Miles in one who| 
Minute, i. e. near 780 Miles in an Hour, agreeab| 
to the beſt Obſervations. Sir I/aac Newton, in hi 
firſt Edition, calculated the Velocity of Sound 
to be ſomewhat leſs, by taking only 1 to 850 fe 
the Proportion of Air to Water, which in th 
Caſe, as he now owns, ought rather to be take 
as only 1 to about 1100: And it plainly appea 
that the Obſervations of the Velocity of Sound 
do generally make it greater than his firſt Num 
bers did allow. As to his Demonſtration « 
the Concluſion we have here brought this Mat 
ter to, tho' it be extremely ſubtil and ingeniou 
yet is it too long, too remote, and too intricat 
to be inſiſted on in this place; and therefore j 
was thought proper to make uſe of this more ea 
and intelligible Method of Demonſtration. 


Coroll. (1.) If the Denſity of Air be increas 
or diminiſh'd, the Sound it ſelf, or Violence 
the Noiſe, will be increas'd or diminiſh'd int 
ſame Proportion : Which thing doth well agr 
with the Experiments of cours made in rarih 
or condens d Air. ä 


Corol. (2.) If the Wind conſpire with t 
Motion of the Air, the Sound or Noiſe will! 
increasd and carried farther; as being no 
made up of the Sum of the Motions of t 
Sound it ſelf, and the Wind. If the Wind | 
contrary, the Sound will be diminifh'd, 1 
ſooner ſtopp'd, as now conſiſting of the D 
ference of the ſaid Motions only. Which nt 
vertheleſs is ſo to be underſtood, that the Velo 
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ofthe Sound it ſelf, which was deſign'd above» 


center but very little For Sound depends not on 
wie continual Motion of the Air, but of the Pul- 
ond ons of the ſame propagated after the manner 
nol: waves by Vibrations, and a continual Viciſſi- 
abe of Goings and Returnings, as will be ſhewn 
n Hterwards. And of what Sort ſoever the Diffe- 


ence of the Noiſe is, which ariſeth from the 
ferent State of the Sonorous Body, or of the 
ind; yet the Denſity of the Air, and its Ela- 
city, do remain almoſt the ſame ; and ſo the Ef- 
s of them, or the Velocity of the propagated 
Dun unds, will remain likewiſe almoſt equal. 


MN col. (3.) Sounds therefore, of what Kind 
MS: rer, whether they be great or ſmall, are 
1008S:pagated through Air of a given Denſity and 
g city almoſt with the ſame Velocity; as the 
eriments alſo, which have been made by Phi- 
ophers, do ſhew. 


Col. (4.) The Velocity of Sounds there- 
Ten We in any Place whatever being given, or that 
nce Wher:by they go about 1142 Engliſh Feet in 
e Second; from the Interval of Time of 
unds given , there is given withal the Interval 
Diſtance of the Sonorous Body. Thus, for In- 
nce, if we number 10“ of Time betwixt the 
e of a Cannon ſeen, and the Sound heard; 
k manifeſt, that the Gun is 11420 Feet diſtant, 
lomewhat above two Miles. As likewiſe, if 5” 
$ betwixt our ſeeing the Flaſh of Lightning, 
| hearing the Thunder, we may reckon that 
Thunder-Cloud is about 5710 Feet, or a 
e above one Mile diſtant from us. 


Vecemb, 2. 1706. 
| X. 3 LECT. 
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LIe r. 
LXIV.2 5 the Reſiſtance of Fluids in d 
ACE vers Velocities is in the dup 


E cate Proportion of the Veloc 

Ne ty; ſo in divers Denſities th 

T Velocity being given, it is! 

the direct Proportion of the Denſity it ſelf; b 
the Denſity and Velocity being given in the d 
plicate Proportion of the Diameters ; and conſe 


quently the Reſiſtance in general is in a Prop Fr 
tion compounded of the duplicate Proportion 0 
the Velocity, and the ſame Proportion of Diame room 
ters, and the ſimple Proportion of the Denſity e 
the Medium directly. K 4 
Theſe Things are eaſy, and ſtand in no Neel d 
of Demonſtration. For if two Spheres do ei n 
ceed one the other, as to their Diameters, int! p 
double Proportion, or be as 2 to 1, and the gre! | 
er be mov d with a Velocity double to that of WW © © 
other, and in a fluid Medium double to the oth er 
in Denſity; it is plain, that in any given Spit this 
of Time the whole Reſiſtance of the great = 
Sphere, or Motion loſt, is to the whole Reſiſtand 1 
the leſſer Sphere meets with, or its Motion ld will 
Kan N 2 * 2 to L ** TX IX IXI, ouph 
as 32 to 1; and thus every where. But it istol with. 
noted, that Reſiſtance proceeds equally both fr F 
Fluids and Solids, ceteris paribus ; unleſs ſo far Py 
in a very fluid Medium, when the Motion "Bag 


ſomewhat flow, the Medium it ſelf by a Cin 
lation of Motion, and an Impetus thereby m 
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on the hinder Part of the Body mov'd in it, doth 
ſomething promote the Motion of the Body; 
which reciprocal Impetus of the Medium on the 
Body ought to be leſs in ſwifter Motions of the 
Body, and in very ſwift ones none at all; as our 
Famous Author found the thing to happen in very 
accurate Experiments, which he made about it. 


Coral. (I.) The Mediums therefore in which 
projectiles are carried the fartheſt without any 
ſenſible Diminution of Motion, are not only ve- 
ry fluid, but much rarer than the Bodies moved 
in them; otherwiſe they would preſently ſtop 
the Motion of the Projectiles, and bring it to reſt. 


Corol. (2.) From whence it follows, that our 
Air, or all the Matter contain'd in it, is very 
ſmall, if it be compar'd with the Matter in Bo- 
dies, that are carried forward very far and ſwiftly 
init; and is ſo far from the Carteſian Plenum, that 
it doth not indeed poſſeſs the 20000th Part of the 
containing SPACE. 


Corol, (3.) And it follows alſo, that the Ether, 
or all the Matter contain'd in the Planetary Spa- 
ces, thro' which the Planes have revolv'd for ſo 
many thouſands of Years with ſuch Velocity, and 
this without almoſt any Loſs of Motion at all, 
is very ſmall, if compared with the Matter con- 
tain'd in the Planets themſelves; ſo that, as 
will eaſily appear by Calculation, that Space 
m_ rather to be counted a Vacuum than other- 
Wile. | 


Corol, (4.) The whole Carteſian Philoſophy 
therefore falls to the ground, which is entirely 
built upon a Plenum, and a Celeſtal Matter, 

I i 7 which 


made upon its Surface, he found that either there 
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which he calls His 1ſt and 2d Elements. Nor Ob. 
can that ingenious Fiction any longer ſubſiſt, Whore 
when its Baſis is thus deſtroy'd by our Author's de 
Experiments, and what he hath demonſtrated: - 

Eſpecially when He has not only taken aw C 
that Plenitude of Matter, but ſhew'd alſo that Mou 
there is nothing of the foreſaid Matter in the pos 
Pores of Bodies. For by the Experiment of a den 
very long Pendulum vibrating in the Air a long 
while, and by eſtimating the Loſs of Motion, 
when compar'd with the Reſiſtance of the Air 


was none at all, or a plainly inſenſible Reſiſtance 
in the internal Parts. From whence it is rightly 
concluded , that there is either none at all, or 2 
plainly inſenſible Quantity of any ſubtle Matter 
in the Pores of Bodies; whereas, from the Car- 
teſian Plenitude, compared with the ſpecifical Gm. 
vity of the Pendulum, it ought to be far greater 
than the groſs Subſtance it ſelf of the Pendulum, 


LXV. No Rectilinear Preſſure can be propa- 
gated through a Fluid, in right Lines only. 


For ſince the Parts of a Fluid are always in Mo- 
tion every way, or are at leaſt every way eaſily 
moveable, and will upon any Occaſion be actual 
mov d; it cannot be, but that any Preſſure what 
ever, which is firſt communicated in a right Line, 
muſt urge the contiguous oblique Parts more ot 
leſs; and that theſe oblique Parts muſt urge 
others in like manner that are placed obliquely; 
and thus in infinitum. The Preſſure therefore, % 
ſoon as it is propagated to Particles which do not 
lie in the right Line, will begin to divaricate, and 
be propagated obliquely for ever; and when 
ſome Part of the Preſſure is intercepted by ſome 

| Obſtacle, 
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Nor Obſtacle, the remaining Part now, as well as be- 


Ct, Wore, will divaricate into all the Spaces beyond 
rs che Obſtacle. ; | 


wy Cor). (1.) Hence the Reaſon appears, why 
hat sounds let into a Chamber, either by the inter- 
pod Walls, or through the Windows, ſpread 
themſelves into all Parts of the Chamber, and 
ue heard at all Angles, not only as reflected 
om the oppoſite Walls, but as propagated thro' 
the Air on every Side from the Window. 


Corol, (2.) The Rays of Light which are pro- 


ince 
hely Mhagated through the Ether, or Air, or any other 
or 1 fluids whatever always in right Lines, are not 


Impulſes or Modifications of that Fluid, as it is 


car. Wn Sounds, but real Corpuſcles flowing from the 
Ir. Mountain of Light, and propagated by a true 
ater Motion through the Medium; as moſt of the 
um, ther Phænomena of Light do alſo ſhew. 


LXVI. Every tremulous. Body in an Elaſtic 
Medium will propagate the Motion of Pulſes on 
very Side forwards ;, but in a Medium not 


Mo- laſtic, it will excite a circular Motion. 

aſily | Re 
ay Czſe (.) For the Parts of the tremulous Bo- 
hat- ), in their alternate going and returning, will 


n their going drive forwards, and conſequently 
reſs and condenſe the Parts of the Medium next 
hereto; and in their returning will permit the 
aid Parts of the Medium to expand themſelves, 


nd return to. their former Situation. Which 
not Nertain Parts of the Medium going and returnin 
and W'ernately , as doth the tremulous Body it ſelf, 
ben ill act in the ſame manner upon the Parts of the 
— edium next to them, as the tremulous Heap 
| i 
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tes, and encompaſs the Finger in the Form of 


toncentric Circles; for the Gravity of the Water 
ſupplies in a ſort the Place of Elaſticity. 


Corol. (2.) Hence we may collect, that the 
Number of the propagated Pulſes is the ſame 
with the Number of the Vibrations of the tremu- 
lous Body, and is not multiplied in the Progreſs. 
For every phyſical little Line, as ſoon as by the 
Expanſion it hath return'd to its firft Place, would 
reſt there, were it not urged with a new Motion 
by the Force of the tremulous Body it ſelf, or the 
Pulſes propagated from it. And therefore it will 
M reſt, when Pulſes ceaſe to be propagated 
from that Body. | 


Corol. (3.) Hence the Reaſon appears why 
Sounds, when the Motion of the fonoraus Body 
ceaſeth, do preſently ceaſe ; and are hear'd at a 
great Diſtance no longer than at a leſſer: For the 
Cauſe ceaſing, the Effect muſt needs ceaſe alſo. 


Corol. (4.) Hence we may underſtand the 
Cauſe of the Increaſe of Sounds, in the Stenteropho- 
nick Tubes, For a reciprocal Motion is wont, in 
each Recourſe, to be increas'd by the Cauſe that 
produces it: For the Motion in the Tube, which 
hinders the Dilatation of the Sound, is rever- 
berated more ſtrongly; and therefore is the more 
increas'd from the new Motion impreſs'd in each 
Reflexion. And fince all that Force of the ſono- 
rous Body, or Voice, which otherwiſe muſt in 
the ſame time have been propagated through an 
entire Sphere, which hath the Length of the 
Tube for its Radius, is now ſhut up within the 
Hollow of the Tube, and goes out of the Aper- 
ture with a great Strength ; it is eyident, that the 

| g tremu- 
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tremulous Motion of the Air, or the Violence 
of its Pulſes, is greatly increas'd from thence, 
and conſequently ought to reach unto a much 
greater Diſtance ; but this ſo notwithſtanding, 
that the Velocity of the Propagation doth every 
where remain ſtill the ſame and unvarjed. The 
Sound therefore, as I ſuppoſe, is increas'd in theſe 
Tubes in the Proportion of the wholeſphericSurface 
aforeſaid, to that Part of it which is contain d 
within the Aperture of the Tube. But it would be 
worth the while that Experiments ſhould be made 
about this Matter, to determine whether the In. 
creaſe of Sounds in theſe Tubes be in that Pro- 

ortion which hath been defin d; that we may 
— pronounce with more Certainty, and 
may be able to accommodate theſe Tubes more 


to the Uſe of Mankind. 


Caſe (2.) But if the Medium be not Elaſtic, 
becauſe the Parts thereof which are preſſed by 
the vibrating Parts of the tremulous Body cannot 
be condens'd, the Motion will be propagated in 
an Inſtant to Parts where the Medium doth more 
eaſily give way ; that is, to Parts which the Body 
would otherwiſe leave empty behind it. The 
Caſe is the ſame here, as with Projectiles in ge- 
neral in any Medium whatever. The Medium, 
in giving way, doth not. go back in infinitum, but 
by a Circulation comes at length to the Spaces 
which the Body leaves behind it. Thus it is that 


the Medium gives way to a tremulous Body alſo, 
by a circular Retroceſſion; and as often as 
the Body returns to its former Place, the Medium 
— repell d from thence, and returns to its former 
Place. 
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ic Corollary. The Carteſians therefore are miſtaken; 
ho ſuppoſe that the Agitation of the Parts of 
e Sun, or any Flame, ſuffices to a Preſſure, 
The which is to be propagated through the Ambient 

8 Medium in right Lines, ſo as to conſtitute the 
— Rays of Light. For ſuch a Preſſure ought to be, 
rot from the Agitation only of the Parts of tho 
| be ! Flame, but from the Dilatation of the whole. 


Decem. 9. 1706. 


DDr 
L x "-1%, XXXI. 


nge a folid Cylinder, infinitely 
2 1 &j 


long, be revolv'd in an uni- 
form and infinite Fluid about 
Ne its own Axis, the Poſition 
whereof is given, and the 
luid be mov'd round by the Impulſe of this Cy- 
inder only; and every Part of the Fluid perfe- 
eres uniformly in its Motion; the periodio 
imes of the Fluid will be as their Diſtances 


com the Axis of the Cylinder directly; and the 
elocities will be every where equal. 


For let the Fluid be diſtinguiſh'd into innume- 
dle Cylindrical Orbs concentric to the Cylin- 
er, and of the ſame Thickneſs every where. 
Ind becauſe the Fluid is ſuppos'd to be homoge- 
neous, 


4 
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neous, and the Cylinder, by its circular Motion; 
endeavours to put all the contiguous Parts of. the 
Fluid, and through them the further Parts in is. 
fniter, into 1ts-own angular Motion, and conſe, 
quently into a Velocity of Motion that is in di- 
rect Proportion of the Diſtance; ſo that each « 
them ſhouldbe turn'd about in the ſame: peri. 
odic Time with it ſelf; it is plain, that 
every Orb doth then ceaſe from further Accs, 
leration, and that the Parts of them perſevere 
uniformly in their Motions, where the Reſiſtance 
or Impreſſion on the Concave Part, is equal to 
the Reſiſtance or Impreſſion on the Convex Part 
(For otherwiſe the ſtronger Force prevailing, the 
Motion will be. changed on that Part.) There- 
fore, where the reſpectiye Velocity, actarding 
to which Reſiſtance will ariſe in the given Sur- 
face, ſhall be in the reciprocal Proportion of th 
Surface, the Impreſſions on both Parts will be 
equal; that» s, in the preſent Caſe, where the 
angular Velocity is in the reciprocal Proportion 
of the Diſtange it ſelf, or whete the abſolute . 
locity is always equal, the periodic Times all 
will be in the direct Proportion of the Diſtan 


i B. 2 . | 
„ . (I.) If the Fluid be not infinite, but 
contain d in a Cylindrical Veſſel; the enxtęſia 
Cylinder alſo will be turn'd round, and its. Mc 
tion will be accelerated until the periodic Tim 
ef both Cylinders, and of the inclos d Fluid, bf 
equal one to another. But if the exterior C 
linder be violently detain'd, it will ieadeavour N 
retard the Motion of the Fluid ; and unleſs ths 
interior Cylinders preſerve as Motion by ſome 
Force continually impreſs'd, it will make de 
fame to ceaſe by Degrees. 


Oral 
Con 
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Corol. (2.) But ſince the periodic Times of 
he Planets are not in the Proportion it ſelf of 


js. Neir Diſtances from the Sun, but in a Proportion 
iſe} Which is ſeſqui-alteral of the ſame; and confe- 
Gently their abſolute Velocities are not every 


here equal, but in a ſubduplicate Proportion of 
e Diſtances, as all Aſtronomers acknowledge; 
t appears, that the Conſtitution of ſuch an 
thereal Fluid doth in no wiſe agree to the So- 
ic Syſtem ; nor doth the Suppoſition of it any 


nce{W:ys help the Carteſian Vortices. t 
1 coll LXVIII. If a folid Sphere, in an uniform 


art Nad infinite Fluid, be revoly'd uniformly about its 
then Axis, the Poſition whereof is given; and b 
ere- Ie Impulſe of this alone the Fluid be turned 
dingMound, and every Part of the Fluid perſeveres 
SurWaiformly in its Motion; the periodic Times 
the e Parts of the Fluid will be as the Squares 
dee Diſtances from the Center of; the Sphere. 
the Let the Fluid be diſtinguiſh'd int innumerab 


tionMoncentric Spherical Orbs of the Iame Thick 
s: And, as before, the Fluid will then only 
ſevere in its uniform Motion without any Ac- 
eration or Retardation where. the 
otions of the Parts of the Fluid ahout the AT 
the Globe be reciprocally as the Spheric Con- 
ntric Surfaces themſelves, or as the Squares of 
e Diſtances from the Center of the Globe red- 
ocally; or laſtly, as the periodic Times of the 
ts which are reciprocally proportional to the 
gular Velocities themſelves ; where theſe be as 
Squares of the Diſtances from the Center of 
e Globe directly. „* e J 
100M Corel. (1.) If the Fluid be not b bye 
Wntain'd in a ſpheric Veſſel; the ſpheric Veſſi 
l0 will be turned round, and its Motion will be 
celeggated utxtil the periodic Times of the n 
„ an 
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and Veſſel, and inclos'd Fluid, be equal to ons 

another. But if the ſpheric Veſſel be violent! 

detain'd, it will endeavour to retard the Moticy 

of the Fluid; and unleſs the Sphere preſerve i 
Motion by ſome Force continually impreſs 
will make that the ſame, as, in the former Caſ 
ſhould by Degrees ceaſe. | 

Corol. (2.) But ſince the periodic Times 
the Planets are not in the duplicate Proportiat 
of their Diſtances from the Sun, as we have ſee 
already; it is manifeſt, that the Conſtitution « 
ſach an Ethereal Fluid doth in no wiſe agree ti 
the Solar Syſtem; nor are the Carteſian Vortice 
in any wiſe help'd from the Suppoſition of tf 
fame. .' | 
Corol. (3.) Since the Bodies, which being carriz 
in a Vortex, go perpetually the ſame roun 
without confiderable Acceſsto theCenter,orRect| 

om it; (as. it is in all Planets, both Primary an 
>:condary ;) they muſt needs be of the ſan 
Denſity with the Vortex, and be carried alon 
together with the contiguous Parts: And ſine 
this Sort of Vortices muſt be ſo mov'd, that d 
periodic Times ſhould be in the duplicate Prop 
tion of the Diſtances (contrary to what happet 
in all the Planets;) it is manifeſt, that tl 
Planets are not carried along in Corporeal Ve 
tices. Which alſo will be made more mani 
from the following Propoſition. 

LXIX. The Velocities of all the Plane 


whether Primary or Secondary, about ths - - 
Central Bodies, by being in the recipro o 
ſubduplicate Proportion of the. Diſtances trait, 
heir Centers, do wholly overthrow the Can 10 
ypotheſis of Vortices. the n 
For the Planets, as is now known every whe 7...” 


do revolve each of them about the Central B 
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in Ellipſ:s; and this in ſuch ſort, that by 
Rays drawn to their Foci they deſcribe Areas 
proportional to the Times; and that the Veloci- 
ies ſhould be in the reciprocal ſubduplicate Pro- 
portion of the Diſtances. But the Parts of an 
Caf Ethereal Vortex cannot be revolv'd with ſuch a 
ae Motion. For (in Fig. 6. Plate 8.) let A D, BE, 
CF be three Primary Orbs deſcrib'd about the 
dun S. Of which let the outmoſt C F be Con- 
centric to the Sun; and let the Aphelia of the 
two inner be A and B, and their Perihelia D 
and E. Therefore the Body which is revolv'd in 
he Orb CF will, b/ a Ray drawn to the Sun in 
leſcribing Areas, wl ich are proportional to the 
imes, be moved with an uniform Motion: But 
he Body which is revolv'd in BE will, accord- 
ng to the Laws of Aſtronomy depending both 
on Geometrical Demonſtrations and Celeſtial 


de blervations, be mov'd more ſlowly in the Aphe- 
Ye ion B, and more ſwiftly in the Perihelion C; when 
alone according ro Mechanic Laws, the Matter of 


e Vortex muſt to be mov'd more {wiftly in the 
arrower Space which is betwixt A and C, than 
the wider Space which is betwixt D and F; 
e. more ſwiftly in the Aphelion than in the 
erihelion. As for Example: In the Beginning 
| the Sigh Virgo, where Mars's Aphelion now is, 
le Diſtance betwixt the Orbs of Mars and Venus 
to their Diſtance in the Beginning of Piſces, al- 
oſt in the ſeſqui-alteral Proportion, or as 3 to 2: 
nd therefore the Matter of the Vortex betwixt 
bole Orbs in the Beginning of Piſces, ought to 
carried more ſwiftly than in the Beginning of 
go, in the ſame ſeſqui-alteral Proportion. For 
how much the narrower or ſtraiter the Space 
through which the ſame Quantity of Matter 
th in the Time of one Revolution, with ſa 
| Y much 
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much the greater Velocity it muſt paſs thro' ic 
Therefore if the Earth reſting relatively in this 
heavenly Matter be carried along by the ſame, and 
revolv'd about the Sun together with it; the Velc 
locity thereof, in the Beginning of Piſces, ought 
to be to the Velocity of the ſame, in the Begir 
ning of Virgo, in the ſeſquialteral Proportior 
or as 3 to 2, From whence the apparent Motiat 
of the Sun, -in one Day's Time in the Beginnin 
of Virgo, ought to be greater than 70", and i 
the Beginning of Piſces leſs than 48'; when ye 
(by the Teſtimony of Experience) that appare 
Motion of the Sun is ſwifter in the Beginning 
Piſces, than in the Beginning of Virgo; and ther 
fore the Vortex is mov d more ſwiftly in the Beg 
ning of Virgo, than in the Beginning of Piſces. 1 
Hypotheſis therefore of Vortices doth whol 
contradict the Aſtronomical Phænomena; u 
ſerves not ſo much to explicate, as to diſturb t 
Celeſtial Motions, 
Scholium. Hitherto we have delivered d 
Principles of Natural Philoſophy out of our 
mous Author; yet, ſpeaking properly, we hay 
delivered them not Philoſophically or Phyſical 
but rather Mathematically. Foraſmuch 286 
have hitherto conſidered the general Laws: 
Conditions of Motions and Forces, which chip 
belong to Aſtronomy and Natural Philoſoph 
moſtly in a Mathematical and Univerſal Metht 
Nevertheleſs, that our Work ſhould n 
ſeem altogether dry and barren, we have ef 
where illuſtrated it with Scholia, and Coro 
Aſtronomical, Phyſical, Optical, and alſo \ 
chanical; and ſo have prepared the Way 
true Philoſophy and Aſtronomy, that is, 8 _ 
Newtonian, It remains, that we come nov W---.... 
length to the Nature of Things, and 511 „ 
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philoſophical Cauſes of theſe Phænomena, both 
Aſtronomical and Phyſical, and to the true Syſtem 
the World; and that we ſet before you the Frame 
and Conſtitution of the ſame Syſtem, ſo far as ic 
lepends upon the 1 already laid down ; 
dmitting here, or only lightly touching upon thoſe 
hings, which we had obſerv'd in the foregoing 
Ccbolia or Corollaries. 


Jan. 29. 1705. 


Le r. ß 
XX. HE Six Primary Planets, each 
2A SPI with its own Satellites, if they 
* I have any, encompaſs the Sun 
Me wich their Ocbs, and revolve 
about it. | 
That Mercury and Venus revolve about the 
un, is manifeſtly demonſtrated from their Faces 
aRly imitating thoſe of the Moon; as is every 
here now known by Teleſcopic Obſervations. 
or ſometimes they ſhine with a full Face about 
e Conjunctions, but with the leaſt apparent 
iameters; they being then ſituate beyond 
e Sun, and imitating a Full Moon : and 
en with an obſcure Face about the other 
onjunctions, but with the greateſt apparent 
lameters; they being then ſituate on this 
de the Sun, and imitating a New Moon. 
d they appear likewiſe of a gibbous or hollow 
ce about the Octants, and of an halved and 
hotomous one about the Quadratures, like as 
d it 
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it is is in the Moon: Sometimes they paſs thro? 
the Diſcus of the Sun, and appear as Spots there- 
in, inducing a partial Eclipſe : and ſometimes 
they paſs beyond the Body of the Sun, being in 
the mean while inviſible to us. From whence it 
is certain, that theſe two Planets are revolvd 
about the Sun, and not about the Earth. And al. 
tho' Mercury is ſo rarely ſeen, as appearing to 
us only about its greateſt Elongations, and 
when it paſſeth over the Sun, that all the ſaid 
Faces cannot be actually obſerv'd ſo clearly in this 
Planet, as in Venus; yet notwithſtanding, ſince 
what Faces of Mercury can be ſeen, do exactly 
anſwer to this Poſition ; and ſince thoſe of Venus, 
a Planet of the ſame Condition, lie open to our 
Obſervation, and do every where fully anſwer 
the ſaid Poſition ; there is no room to doubt con- 
cerning the reſt as to Mercury. From the full Face 
of Mars alſo, near the ConjunRion with the 
Sun, and the gibbous Face thereof in the Qua- 
dratures, it is manifeſt, that it revolves about the 
Sun. The ſame thing is alſo demonſtrated con- 
cerning Jupiter and Saturn, from their Faces 
which are always full, as it ought to happen at fo 
great a Diſtance. For albeit theſe Planets ought 
to have their Faces about the Quadratures ſome- 
thing diminiſh'd ; yet ſince that Diminution of 
Light is ſo very ſmall that it can ſcarce, or rather 
not at all be obſerv'd and ſeen by us, their full Face 
is to be reckoned to agree very well with the ſaid 
Poſition. But that the Orbit of the Earth en- 


compaſſeth the Sun, is abundantly manifeſt from 
the annual Parallax, which we have elſewhere 
explained. 

' Corollary, From hence with De Cartes, and the 
reſt alſo of the Aſtronomers of the foregoing Age, 


we gather that the Prolemaic Syſtem of the * 
whicn 
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which alone was cultivated and celebrated for ſo 
many Ages foregoing, comes to nothing. And 
we gather alſo, that the Tychonic Syſtem, which 
was afrerwards receiv'd and celebrated by ſo ma- 
ny and great Aſtronomers, doth wholly fall to 
the Ground ; and doth not in any wiſe agree with 
the Phænomena, which have been obſerv'd of 
late. And laſtly we gather, that the Coperni- 
n Syſtem , which hath for ſo long a time been 
zpprov'd of and follow'd by moſt of the beſt 
Aſtronomers, is the true Syſtem of the World, 
and is that alone which doth preſent to us that 
Order of all the Planets, which agrees to the 
Nature of Things, and to Aſtronomical Ob- 
ſervations. Therefore it may juſtly ſeem ſtrange, 
that the Famous Dr. Gregory, that Excellent In- 
terpreter of the Newtonian and Copernican Aſtrono- 
my, a Man ſo well skill'd in the true Mundane 
Syſtem, ſhould beſtow ſo much Time and Pains 
in delivering and ſetting off thoſe and other falſe 
and imaginary Hypotheſes. When it is ſo cer- 
ain, that the Pythagorean or Copernican Or- 
der of the Planets is that alone which is 
True and Genuine; and that the reſt of che Hy- 
potheſes are only fictitious, To what Purpoſe 
ſhould we mix the Truth with mere Shadows, 
and diſturb the Contemplation of the Nature of 
Things with manifeſt Falſities? Let therefore 
thoſe, once indeed moſt Noble, moſt Famous 
dyſtems, be now baniſhed for ever out of the 
Ailtronomical World; and that only be admitted, 
cultivated, delivered and taught, which now, 
at length, we find to be the only one that cor- 
reſponds to the true Order of Nature, and to 
real natural Cauſes. But this by the way. 


Y 3 LXXI. The 


326 Mathematical Philoſophy, 

LXXI. The periodic Times of the fix Prima. 
ry Planets, are in the ſeſqui-alteral Proportion of 
their mean Diſtances from the Sun. 

This Proportion, which was firſt found out by 
Kepler, the Parent of the Newtonian Philoſophy, 
is now acknowledg'd by all. The Meaſure of 
the periodic Times is agreed upon amongſt all 
Aſtronomers ; but as for the Magnitudes of the 
Orbs, the ſame Kepler and Bullialdus have exceed. 
ed all others in the Diligence they have us 
for determining the ſame: And the mean 
Diſtances which anſwer to the periodic Times, 
do not ſenſibly differ from the Diſtances which 
they have found, and are for the moſt part in the 
Middle betwixt them; as may be ſeen in the fol- 
lowing Table. 


The mean Diſtances of the Planets from the Sun. far 


Saturn. Fupit. Mars. Earth, Venus. Mercu. Ml con 
Kepl. Fs ioo. 5196 30. 152350. 100000.72400, 38806, 


£ oO 
S Bull. J 954198. 522520. 152350. 100000. 723998. 38585, — 
8 peri- / 953806. 3 20116. 132399. 100000. 72333. 38710. 075, 
<. ods, | ; {tan 
Arc 

Ecli 

And now we will give the true Periods, as alſo ¶ accu 


the Diſtances which come neareſt to the Truth, M Diſt 
from Mr. Flamſteeds Parallax of the Sun, vis tion 
of 10“. | Shad 


Mr :ngl 


2 of 


allo 
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DD 
Mercury hs 67 24 26 
2 /: 8 224 16 49 
Earth & f 3 
Mars gh 686 23 27 
Fupiter NS 5 \ 4332 12 20 
Saturn ba vio759 6 36 
Mercury 15 32,000,000 ) v5 
Venus | = 5%4000,000 { =, 
Earth K 8 81,000,000\, S 
Mars — 123, ooo, ooo S. 
Jupiter | 5 I | 4.24.,000,000 \ "&q 
Saturn 287 777,000,000 = 


Now, as to the Methods of finding theſe Di- 

ances, they are thus determin'd. | 
Of the Diſtances of Venus and Mercury, as 
compar'd with that of the Earth, there is no 
room to doubt ; ſince theſe are gathered by plain 
Trigonometry from their greateſt Elongations, 
known by eaſy Obſervation. As for the Superi- 
ors, all manner of Diſpute concerning their Di- 
ſtances from the Sun, which are deduc'd from the 
Arch of Retrogradation, is taken away by the 
Eclipſes of the Satellites of Jupiter reduc'd to an 
accurate Calculation, according to the other 
Diſtances, and which agree with the Obſerva- 
tion, for by thoſe Eclipſes, the Poſition of the 
Shadow which Jupiter caſts, is determin'd ; and 
by this means Fupiter's Heliocentric Longitude 
is had, whilſt his Geocentrical is had immediate- 
ly by Obſervation. Therefore in the Plane Tri- 
angle connecting the Centers of the Sun, Jupiter, 
and the Earth, all the Angles are given, and con- 
1 4 ſequently 
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ſequently the Proportion of the Sides is alſo given: M * 
or the Proportion of the Diſtances of Fupitee Pla 
and the Earth from the Sun. | 
Corollary. Therefore the Proportion of the N por 
Diſtances from the Sun, is given exactly in all Myoſ 
the Pianets ; ſo that if the Diſtance of any one MPro 
of the Planets was given in ſome known Meaſure, MWFor 
as in Miles or Semi-diameters of the Earth, we ehe 
ſhould withal have the tfue 'or abſolute Diſtances MPro 
of all: But this is what is yet wanting. Prir 
LXXII. The fix Primary Planets do always, I 
by Rays drawn to the Sun, deſcribe equal Areas RA 
in equal Times, and in general Areas propor- 
tional to the Times. This Equality of the Areas ¶ chei 


dy tl 
ellic 
nomers, is demonſtrated as Jupiter in a peculiar MW New! 
manner; wiz, by the Calculation of the Hnicat 
Eclipſes of its Satellites, which is built upon this Prop 
Hypotheſis, and is exactly agreeable to the Obſer-MWho fa; 
vation. For by theſe Eclipſes, as we have ſaid vill | 
already, Jupiter's Longitude and Diſtance from the 

Sun are exactly determin'd. _ 

LXXIII. The Moon, by Rays drawn to the 
Center of the Earth, deſcribes in equal Times 
Areas almoſt equal; and in general, Areas almoſt 
; proportional to the Times. 


This 
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This appears from the apparent Motion of this 
Planet , as compar'd with its apparent Diameter, 
which is in the general nearly reciprocally pro- 
portional to the Diſtance. I ſaid in the Pro- 
poſition, almoſt proportional; becauſe the exact 
Proportionality is ſomething diſturb'd by the Sun's 
force, as we have explained that Matter elſe- 
where : But taking away that Diſturbance, the 
Propoſition would be as exact and full, as in the 
Primary Planets ; and that for the ſame Reaſon. 

LXXIV. The Satellites of Fupiter do, by 
Rays drawn to the Center of Fupiter, deſcribe 
Areas nearly proportional to the Times: And 
their periodic Times are in the ſeſqui-alteral 
Proportion of their Diſtances from their Centers. 

Both Parts of the Propoſition are manifeſt 
from Aſtronomical Obſervations. For their Orbs 
do not differ ſenſibly from Circles Concentric to 
Fupiter, and their Motions in theſe Circles are 
found to be almoſt uniform: And as for the Pro- 
portion of the periodic Times here meant, it is 
what all Aſtronomers agree in. Beſides, Mr. Flam- 
feed, who hath ſtated all Things moſt accurately 
by the Micrometer, and the Eclipſes of theſe Sa- 
elites, hath, both by Letters written to Sir 1/aac 
Newton, and by his Numbers themſelves commu- 
nicated to him, ſignified that that ſeſqui-alteral 
Proportion doth hold here as exactly as poſſible, 
ſo far as he can diſcover by Obſervation. Which 
will be manifeſt from the following Tables, 


The Periodic Times. 


1 
1 
„ 
3 
16 16 


273] 
133 | 
42 3 
3261 


XK 
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The Diſtances from the Center of Ju piter. 


= 112 — 
2 | Caſſini, F 2 3] 23 


a 
HBorelli. 55 83 144 2438 
5 Townl.bymicr.| 5151 8178] 13147] 24172 
8 Flamſ. by micr.] 5| 31] 8185 131980 24123 
Ham. by Ecl. Satei. 5 578181 876|14] 1 $9 241.903 


| 1 period. Limes II 578181 878 141168 24128 
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Jupiter. 


LX 


Semi-diam- 


— 


LXXV. The Satellites of Saturn do, by 
Rays drawn to the Center of Saturn, dc(cribe 
Areas proportional to the Times: And their pe- tl 
riodic Times are in the ſeſqui-alteral Proportion! t 
of their Diſtances from the Center of their Primary Fot 

Both Parts likewiſe of this Propoſition are Are: 
prov'd from Aſtronomical Obſervations ; For cauſ 
their Orbs ſcarce differ ſenſibly from Circles con: teral 
centric to Satura, and their Motions are found. too t. 
be almoſt uniform in theſe Circles. And as con- Mel d 
cerning the Proportion of the periodic Times, dem 
this will appear to every one that will take the non 
Pains to compute it from the following Table, Orb. 
which we here preſent the Reader out of Mr. Hun 
gens's Coſmotbeoros, Page 1or, 102, Ang 


g | tripl! 

The Period. Times, Diſtances from the Center of Bi Cub 
7 both by Obſerv. and Period vere 
1 | P 

„„ | _-: SP 1 303 8 he 1 
2 2 17 41 2111 8 — they 
5 + I 3 | 47 3 1 4 - 0 in tt 
n 414 = Caſe 
1 1 4 5 2 J© 5 Wide: 

Novemb. 17. 1797, dupli 
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5 LE c T. XXXIII. 

8 

* 5 
#|MLXXVI. H E Force whereby the Pri- 
| z N mary Planets are perpetually 


1 drawn back from right Lines 
by Sh 2 and retain'd in their Orbs, 
ribe does reſpect the Sun; and is 
pe- the Squares of the Diſtances from the Center 
tion of the Sun reciprocally. 3 
ur For on account of the foreſaid Proportionality of 
tel lieas, this Force muſt tend to the Sun; and be- 
ro auſe the periodic Times are in the ſeſqui - al- 
con. rral Proportion of the Diſtances, the Quantity 
of the Force muſt be every where in the recipro- 
cal duplicate Proportion of the Diſtances; as we 
demonſtrated before: But this ad Part is alſo de- 
nonſtrated moſt fully from the Figure of the 
Orbs. For, if the Planets were mov'd about the 
dun in ſpiral Lines, cutting the Rays in a given 
Angle, the Centripetal Force would be in the 
triplicate Proportion of the Diſtances, or as the 
„Cubes of the Diſtances, reciprocally. But if they 
er were mov'd about the Sun in Ellipſes, which have 
the Center of the Sun in their Center, the ſaid 
Force would be in the dire& Proportion it ſelf of 
the Diſtances : But when the Ellipſes, in which 
ey are mov'd, have the Center of the Sun not 
in their Center, but in one of their Foci, as the 
Caſe really is, and all Aſtronomers do acknow- 
ledge; then the ſaid Force muſt needs be in the 
luplicate Proportion of the Diſtances recipro- 
W Which 


of the Ring. 


CT, 
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This is alſo demonſtrated by the QuiM f 
eſcence of the Aphelia. For where the faul dec 
duplicate Proportion doth hold exactly, there there 
Aphelia muſt reſt; when the ſaid Proportion tbe 
approacheth to the ſimple direct Proportion, then beca 
the Aphelia muſt go back; but when it incline; Math 
to the triplicate Proportion, they muſt go ſot- Nei, 
wards. whe! 

LXXVII. The Force wherewith'the Satellites the! 
of Jupiter and Saturn are perpetuallv drawn back bar ( 
from right Lines, and retain d in their Orbs, re- th 
ſpe& the Centers of Jupiter and Saturn reſpective· Nin or 
ly; and are as the Squares of the Diſtances from Muith 

thoſe Centers reciprocally. 

For on account of the aforeſaid Proportionality 
the Areas about the Centers of Jupiter and Saturn, 
the ſaid Force muſt tend to thoſe Centers ; and 
becauſe of the ſeſqui-alteral Proportion which 
the periodic Times have to the Diſtances, the Mhorti 
Quantity of that Force muſt be every where in 
the reciprocal duplicate Proportion of the Di- 
ſtances, by what was in the foregoing Propoſition 
mention'd to have been demonſtrated by us before. 
But we can fetch no Argument to prove this latter i 
Part of our preſent Propoſition from the Figure 
of the Orbs ; for that thoſe Orbs, of which *we 
ſpeak at preſent, are Circles, or Ellipſes not ſen- 
ſibly different therefrom : Nor conſequently from 
the Quieſcence of any Aphelia; for in Circles Wio! 
where there can be no Line of the Apſides, there MWheref 
are no Aphelia. olds 
. LXXIX. The Force wherewith the Moon is {Wllo b. 
perpetually drawn back from a Rectilinear Moti. Nentr 
on, and retain'd in its Orb, reſpects the Center of {Woravic 
the Earth; and is as the Squares of the ſeveral 
Diſtances from the ſame Center reeiprocally. 
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du. For on account of the Equality of Areas about 
ſaidMliheCenter of the Earth in equal Times, excepting ſo 
ther as the ſame is diſturb'd by the Force of the Sun; 
tion te ſaid Force muſt tend unto the Earth: And 
hen becauſe of the Elliptic Figure of the Orbit, which 
ines bath the Center of the Earth in one of the Fo- 
for- Nei, the Quantity of the Force muſt be every 
where in the reciprocal duplicate Proportion of 
lites te Diſtances. For altho' the Figure of the Lu- 
back rar Orbit be not exactly Elliptic, and conſequent- 
re- y the Center of the Earth is not placed exactly 
in one of the Foci of the ſame Orbit; yet not- 
withſtanding, ſince all this Variety doth ariſe 
from the diſturbing Force of the Sun only, the 
Figure is to be underſtood to be in it ſelf, or pri- 
marily an exact Ellipſis, and to have the Earth 
laced in one of its Foci ; and conſequently to 
have the Centripetal Force in the duplicate Pro- * 
portion of the Diſtances reciprocally : Yea, 
yhilſt the thing is as it is, the very flow Motion 
f the Moon's Apogeum ſhews, that that Force 
j in the ſaid duplicate Proportion very nearly, if 
ot exactly. For by our Author's Calculation, it 
ppears from the ſlow Progreſs of the Apogeum , 
hat the Centring Force of the Moon towards the 
ve arch, comes above ſixty times nearer to the du- 
ſen · licate than to the triplicate Proportion. Which 
rom {Wnall Difference ariſing, as was ſaid, from the 
cles action of the Sun, is to be neglected. It remains 
1ere {Mherefore, that this 2d Part of our Propoſition 
olds good, as it was propounded. Which will 
lo be more fully manifeſt, by comparing the 
entripetal Force of the Moon with the Force of 
ravity upon the Surface of the Earth: Which 
vill be done in the next Propoſition. 
LXXIX. The Moon gravitates perpetually 
wards the Earth ; and by the Force of Gravity 
is 
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is always drawn back from a Rectilinear Motion bu 

and retain'd in its Orb. | 
For by Experiments of Pendulums, whic 
have been made as exactly as could be, it appe: 
that the Force of' Gravity upon the Surface of 
the Earth, is of the ſame Quantity with the Ce 
tripetal Force of the Moon; which hath been 
ſhew'd to be in the duplicate Proportion of the 
Diſtances reciprocally : And conſequently from 
the ſaid Experiments, that Quantity of the 
. Moon's Centripetal Force is more fully demon 
ſtrated; and at the ſame time it is ſhew'd, that 
that Centripetal Force of the Moon is: no othe 
than that Force which we call Gravity. For ite. 
any ſhould ſay that it is different from it, it muſt 
be acknowledg'd however that that Centripet: 
Force of the Moon, whatever it is, would be felt 
upon the Face of the Earth ; which-Force ther: 
fore, as join'd with the Force of Gravity, woult 
make Bodies to fall to the Earth as ſwift again 2 
they do, and in the Space of one Second of Tim . 
to deſcribe 3242 Engliſh Feet inſtead of 16ʃ1 
[Unleſs any one ſhould ſay, that this Force of 
Peer 16{ x, in one 2d of Time, is indeed a Con 
pound Force, compounded of that Force wher 
with the Moon tends to the Center of the Earth 
and that Tendency thither which Bodies upon 
the Face of the Earth would have without it.] 
LXXX. The Secondaries of Jupiter and 5. 
turn gravitate towards Jupiter and Saturn reſpectiu 
ly, and the Planets which are mov'd about t 
Sun,. immediately gravitate to the Sun ; and by 
the Force of Gravity are drawn back from Red 
linear Morions, and retain'd in their Orbs. 
For the Revolutions of all theſe Planets abou 
their reſpective Centers, are Phænomena of the 
ſame Kind with the Revolution of the _ 
about 
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50 bout the Earth; and therefore ought to depend 
pon Cauſes of the ſame Kind: Eſpecially when 
t hath been demonſtrated, that the Forces on 
hich theſe Revolutions depend, reſpe& the 
nters of Jupiter, Saturn, and the Sun; and 
at in __— from Jupiter, Saturn, and the 
„, they decreaſe in the ſame Proportion, as the 
orce of Gravity decreaſeth in the Receſs from 
he Earth. | 
Corol. (I.) Therefore Gravitation is towards 
the Planets. For it is certain, that Venus, Mer- 
, and the reſt of the Planets, are Bodies of 
e ſame Kind with Jupiter and Saturn: But we 
ote alſo in this place, that by the 5th Law of 
lotion Gravitation is reciprocal ; and that as 
he Secondaries of Jupiter and Saturn gravitate 
Wowards their Primaries reſpeRively, ſo their Pri- 
naries gravitate reſpectively towards them; and 
e Earth towards the Moon; and the Sun to- 
ards all the Planets, both Primary and Secon- 


ary. 

Corol. (2.) The Gravity which reſpects every 

AFlanet, is reciprocally as the Square of the Di- 
hance from the Center thereof. 
LXXXI. All Bodies gravitate towards each 
the Planets ; and their Weights towards the 
ne Planets, at equal Diſtances from the Center 
the Planet, are proportional to the Quantity 
Matter in each. 

The Deſcent of all heavy Things towards the 
arth, if you ſet aſide that unequal Retardation 
hich ariſeth from the Reſiſtance of the Air, is 
equal Times, as hath been obſerv'd now for a 
Ing time, and we allo noted before; whether 
e deſcending Bodies be great or ſmall, ſoft or 
ard, or of whatſoever Texture of Parts, Which 
atly agrees with the Experiments of 8 — 

ums 


That the Thing is thus in the Experiments 
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lums deſcending in Arches, whether Circular. 
Cycloidal. For alt Bodies being let dow 
at the ſame Diſtance of the Center of Oſcillatic 
from that of Suſpenſion, and in equal Arche 
make their Aſcent and Deſcent in equal Spaces( 
Time, and vibrate for a long while. Therefore 
ſince the Obliquity of the Curvilinear Motion! 
in this Caſe, every where like and equal; t 
ſame Bodies let down together in a Vacuun 
would, in equal Times, deſcribe equal Spaces i 
a perpendicular Deſcent ; and conſequently 2 
impell'd with a Weight every where exactly pre 
portional to the Quantity of the Matter. Fe 
where a double or treble Quantity of Matter i 
urged with a Force double or treble, and no other 
wiſe ; the Velocity of the Motion will always h 
equal: that is, where any equal Particle of an 
Body whatever is urged with an equal Force « 
Gravity, the Sum of all, whether in a great Bod 
or a ſmall, will be urged with a proportior 
Force of Gravity; and all, neitheir accelen 
ting nor hindring one another's Endeavours, wil 
always deſcend with equal Velocity, and wi 
in the fame degree gravitate towards the Fart! 


Pendulums, we ſhew'd before; and our Auth 
try'd the Matter particularly in Gold, Silver 
Lead, Glaſs, Sand, common Salt, Wood, WateWquar 
and Wheat. He took two wooden Boxes round 
and equal, and filld one with Wood; and Had $ 
fame Weight of Gold he hanged, as exactly as Home 
could, in the Center of Oſcillation of the othe 
The Boxes hanging by equal Cords, of Ele u 
Foot each, made Pendulums altogether equal, ke as 
to Weight, Figure, and the Reſiſtance of the A 
And being placed juſt by one another, they wegWWlner 


found to vibrate equally, and to go and ova Viſtan 
getne 
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ether for à long while.” And in, Bodies of che 
ame Weight, the Difference of the Quantity of 
Matter, which would ſcarce amount to the-zovoth. 
part of the whole, might, by theſe Experiments, 
be manifeſtly diſcovered. But now that the Na- 
ture of Gravity towards the reſt of the Planets, 
and towards the Sun it ſelf, is the fame as that 
towards the Earth, there is:no reaſon to doubt. 
Which is alſo manifeſt from the Spherical Figure 
of all, which can ſcarce be deduced from any 
Thing elſe, than an Equilibrium of all che Parts, 
mutually gravitating towards each other. Fur- 
thermore, let Terreftrial Bodies be ſuppos'd 
ter ſto be lifted up unto the Orb of the Moon, and 
other being together with the Moon, .. depriv'd of all 
ys Motion, to be let down to ſall to the: Earth. By 
what hath juſt been, demonſtrated it is certain, that 
in equal Times they would deſcribe Spaces, equal 
o thoſe which the Moon it ſelf would deſcribe; 
and conſequently, that they are to the Quantity 
f Matter in the Moon, as their Weights to its 
Weight. Beſides, becauſe the Satellites of Fa- 
Mer and Saturn are revolv'd: in Times, | which 
re in the 1 to their Di- 
lances from the Centers of Jupiter and Saturn 
pectively; their accelerating Gravities towards 
fupiter and Saturn will be reciprocally, as the 
quares of the Diſtances from thoſe Centers ; 
nd therefore in all equal Diſtances from Jupiter 
nd Saturn, their accelerating Gravities will be- 
ome equal, and will equally affect all Bodies. 
nd therefore in falling in equal Times, from 
qual Heights, they would deſcribe; equal Spaces, 
Ike as it comes to paſin heavy Bedies on this 
ur Earth. And by the ſame Argument, the 
nets - about the Sun let down at equal 
ſtances from the Sun, 3 io their Deſcgne 


towards 
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towards the Sun, in equal Times, deſcribe equal 
Spaces. Moreover, that the Weights of Jupiter 
and Saturn, and their Satellites towards the Sun 
are Proportional to the Quantity of Matter, is 
manifeſt from the Motion of the Satellites, 
which is moſt Regular; and their Orbits, which 
are almoſt Concentrical with their Primaries. For 
if ſome of theſe were more Attracted to the Sun 
in the ſame Quantity of Matter than others are, 
the Motion of the Satellites would be diſturbd 
by the Inequality of the Attraction; and ſo far 
diſturb'd that if at equal Diſtances from the 
Sun, the accelerating Gravity of one of 7. 
piter's Satellites towards the Sun, were preater or 
leſſer than the accelerating Gravity of Fupiter it 
ſelf towards the Sun, though it were but by one 
roooth Part of the whole Grayicy ; then, accord- 
ing to our Author's Computation, the Diſtance 
of the Center of the Orb of the Satelles from the 
Sun, would be greater or leſſer than the Diſtance 
of Jupiter from the Sun, by a 200oth Part of the 
whole Diſtance; or in a Sub-duplicate Proportion 
of the Diſtance ; that is, by a th Part of the 
Diſtance of the outmoſt Satelles, from the Center 
of Jupiter; which Occentricity of the Orb would 
be very ſenſible. But the Orbs of the Satellite 
of Fupiter are concentrick to Fupiter, and there- 
fore the accelerating Gravities of 7upicer, and hi 
Satellites towards the Sun, are equal to one anc 
ther. And by the ſame Argument, the Weight 
of Saturn, and its Satellites towards the Sun, ut 
equal Diſtances from the Sun, are as the Quat 
tities of Matter in them. And the Weighes/of the 
Moon and Earth towamls: the Sun, are likewil 
exactly Proportional to the Mafs of Matter cot 
tain'd in them. And the Thing is the ſame, 
to the Weights of each Part of every Planet, 

War 
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wards any other whatever ; whether they be In 
ternal Parts, or External! For if ſome Parts di 

vitate more, others leſs, than according to the 
ntity of the whole Matter, the whole Pla- 
net, or Satelles, would, according to the Kind of 
parts wich which ic moſt abounded, gravicace 
more or leſs than according to the . — 
of the whole Matter: which ii cotittary 8 Expe- 


Nov. 24. 1707: 


Lr. XXXIV. 
NI Oroll, (i.) Hence the Weights of 
e Bodies do in no wiſe depend upon 
| their Forms and Texture. 
Ne For if they were varied with the 
Forms, they would be greater and teſs 
accordinig to the Variety of the Forms in equa 
Matter; which is altogethiet contrary to Expe- 
nence. „ "PR 
coll. (i.) Therefore all Bodies which are 
ua bout the Earth, whether Wood; or Metals; 
Stones, or Water, or Air, or Vapours, gravi- 
ate cowards the Earth, and according f the 
poporrida of, the Matter; are equally heavy; 
rk; or Wooll, or Air; be of tlie Weight of 
and Gold, ot ers 


me Pound in a Vacuum; 
Z 1 


WFP 2 
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or Braſs, be of the ſame Weight there, the 
Quantity of Matter will be equal in them alt; - 
Coroll. (3.) Therefore the Weight of all Bo. 
dies whatever in a Vacuum, is the moſt certain 
Teſt of the Quantity of the Matter. For in By. 
dies equal in Bulk, there is wont to be ſo preat 
Difference as to the Denſity, that from the appa- 
rent Magnitude, the Quantity of the Matter can 
in no wiſe be determin'd. But ſince the Quan- 
tity of the ſame is every where Proportional to 
the ſame Weight, it may be determin d moſt cer- 
tainly from the ſame Weight. 
Coroll. (4.) Therefore there muſt needs be 2 
Vacuum. For if all Spaces were full, the Spe- 
cifick Gravity of that Fluid,” wherewith the Re- of 
gion of the Air, yea, and the Vacium' of W |, 
Mr. Boyle would be filled, by reaſon of the Den-“ 
ſity of the Matter, which is the greateſt that can Ki 
be, and moſt perfect or abſolute, or rather infi- — 
ter 
leſs 
net 


nite, would not fall below, but exceed the Spe- 
cifick Gravity of Quick-Silver, or Gold, or any 
other Body, which is counted the.denſeſt and 
heavieſt. And therefore Gold it ſelf could not 
deſcend in the Air, which is contrary to Expe- 
rience.: To omit here thoſe Arguments which we 
brought to prove that there could be no Motion 
in a Plenum, which. indeed ſeem folid enough 
in themſelves to determine us to the fame Side of 
the Queſtion. ee, 
Coroll. (5. Since therefore the Quantity of of f 
the Matter is, every where known from "thei pro 
Weight, as well as the Reſiſtance; and ſince i 9 
appears from the Weight, that almoſt all Bodies than 
upon the Face of the Earth contain more voit 
Space than folid Matter in them; ſince alſo, 
from the very little, and almoſt imperteptible 
Reſiſtance of Planets and Comets, it «pps 


7 
* 


8 8 7 


5 BN 
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that the Heavenly Spaces are void of all Matter; 
yea, that the Planets and Comets themſelves, 
and alſo the Sun and fixed Stars, are, as it were, 
points in Compariſon: of the void Space: It is 
plain, that Nature is ſo far from abhorring aVa- 
cuum, as ſome have imagined, the Carteſians eſpe» 
cially, that it ſeems to contain little in it beſides 
2 Vacuum: So little can Human Wit perform, 
in tracing out the Works of God, where Mathe- 
matical. Reaſonings, and Experiments, are 
l 8 
The moſt ſagacious Mind of Cartes himſelf, 
too much deſtitute of theſe Foundations, was 
never able to find out the true Phyſical Cauſes 
of Things, and thoſe which would agree to the 
acer Diſcoveries. :...1 .... 1 „. 

. Coro: (6,) The Force of Gravity is of a different 
Kind from the Magnetick Power. For the Mag- 
netick Attraction is IP in Proportion to the Mat- 
ter attracted; ſince ſame Bodies are. more, others 
leſs,. others not at Al, attracted. And the Mag- 
getick Force is far greater, according to the 

ity of the Matter, than the Force of Gra- 
vity, ſince a very ſmall Loadſtone may exceed 
the attracting Force of the whole Earth it ſelf, 
and lifn up an Iron Key from it. Nay, the Mag- 
netick Force may be increas d or remitred in the 
lame Body; and in the Receſs of the Magnet, 
it decreaſeth in more than a duplicate Proportion 
of the Diſtance, which yet is the perpetual 
Proportion of Gravity ; - becauſe, the Force is 
much ſtronger in the Contact of the Surfaces, 
tian when the Bodies are in the leaſt ſeparated 
from one another. 171 
LXXXII. The Force of Gravity hath Place 
in all Bodies, all thoſe at leaſt, which are in the 
tem of the Sun, and is Proportional to the 
Quantity of Matter in cach. 1 
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That all the Planets do gravitate towards each 
other; and that the Gravitation towards every 
one ſeparately confider'd, is reciprocally 28 the 
Square of the Diſtance of Places from the' Center 
of the Planet, we have already prov'd. Tf chere 
ſhould any Doubt ariſe here, it muſt certainly be 
about the Gravity of one primary Planet toward 
another; for as for the common 5 of al 
towards their Central Bodies, the Thing, by 
what hath been before JYemonſtrared, is plainer, 
than to be in any wiſe Yenied, But as for the 
other, we have a plain Proof of that alſo. Fot 
when ſome Years ago, Saturn tarried along while 
near jts Conjunction with Fupiter; and conſe- 
quently, by reaſon of the Magnitude and Neat- 
neſs of its Body, could not but have ſome ſeiiſi- 
ble Effect, in * 4 the Satellites of Fupiter, 
if ſo be Jupiter, with its Satellites, wed ins 
towards Saturn, according te the general Law of 
mutual Attraction, the Thing was found to be 
indeed thus: For Mr. Flamffeed himſelf, who at 
firſt denied any ſuch Diſturbance in the Motjonsof 
the Secondary Planets of Fupiter, the Thing being 
better conſidered; and che Obſervations being 
more exactly compared with the Caledlationy, 
ingeniouſly confeſs'd, that that Univerſal Law of 
Gravity holds in this Caſe alſo; and that 
Motions did indeed appear diſturb'd by the Neigh- 
bourhood of Saturn, and accordingly differ d from 
the former Caſculations. It follows therefore, by 
Prop. 8 r. and the Corollaries thereof, that evety 
Planet gravitates towards every. Planet, and tim 
this Gravitation is Proportional to the Matter 
contained in them. Moreover, 1818 the 
Parts of every Planet, as of Mercury fot hee, 
do gravitate towards every other P Ven 
ſor Iaſtance; and the Gravity of every PRs 
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is to the Gravity of che whole, as the Matter of 
the Part, to the Matter of the whole; and ſince 
alſo all. Re- action, by the Sixth Law of Motion, 
is equal to Action; Vena, will reciprocally gra- 
ritate towards all the Parts of Mercury ; and the 
Gravity of Vena towards every Part, will be as 


the Gravity of the ſame towards the whole, as 


3 of the Part is to the Matter of the 
Corollaty. Therefore the Gravity towards eve- 
y whole Planet ariſeth from, and is com- 
pounded of the Gravity towards each Part; 
like as it Comes to paſs in Magnetick and Elearick 
Attractions, where by how much the greater 
the Attraheat is, ſo much the greater, caters 
poribus, is the Attraction: For all Attraction to- 
wards the whole, ariſes from the Attractions to- 
wards each Part; nor can the Thing be con- 
ceivd otherwiſe. This will be more eaſily un- 
derſtood in Gravity, if we conceive many 
of the leſſer Planets, which attract all Bodies 
ſeverally, to meet together, and to make one 
great et. For the Force of the whole 
muſt de compounded of the Forces of the 
compounding Parts, and be the adequate Reſult 
of the ſame. | FP 0 | 
But now, if any one ſhould in the ſame Place 
object; That all the Bodies with us, on the Face 
of the Earth, oughe to Gravitate thus towards 
each other; whereas ſuch a Sort of Gravitation 
is never perceivd: The Anſwer is ready, 
namely, That although the Bodies now ſpoken 
of, do indeed Gravitate towards each other, yet 
ſince the Gravitation of any particular Body tc- 
wards another, is to the Gravitation of that Body 
towards the whole Earth, at the ſame Diſtance, as 
the other Body is to the 1 * Earth; it muſt needs 
| + be 
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be far leſs than to fall under the Notice of Senſe. 
Corol. (2.) The Gravitation towards each equal 
Particle of a Body, is reciprocally as the Square 
of the Diftances from the Particle. 


* ä 161 vi, | ige 
LXXXIII. If the Matter of | Two Globes 
gravitating each towards the other, on every, 
Side in Places equi-diſtant from the Center, be 
homogeneous, the Weight of either Globe to. 
wards the other, will be reciprocally as the Square 
of the Diſtance betwixt the Centers. 

After that our Author had found that the Gm. 
vity towards the whole Planet doth, arife from, 
and is compounded of the Gravities towards 'the 
Parts, and is towards each Part reciprocally. 
portional to the Squares of the Diſtinees "from 
the Parts; he yer'doubted, whether that duplicate 
reciprocal- Proportion would hold exactly in the 
whole Force compounded of the many Pants, ur 
only very nearly. For it might be that that Pro- 
portion, in greater Diftances, might hold: well 
enough; but near the Sutface of the Platiet, by 
Reaſon of the unequal Diſtances of the articles, Noon c 
and their unlike Situations, it might notably ett. thi 
But at length, by Prop. 44 and 45, and-chein:Co- ing 
rollaries, he underſtood that the ſame Proportion Mhnce 
holds exactty in ſuch ſpherical Bodies, as'2are 
equally denſe every where at the ſame Diftance 
from the Centers. ent 

| "16 BI L000]  ISUIQ (7.11 

LXXXIV. A'Prob,''To determine the Weights 
of Bodies towards the Planets or the Sun, at given 
Diſtances from the Centers of the. 

Cafe (1.) To determine the Weights of Bodies 

laced without the Surface of the Planets at-equal 
Diſtances. Now ſince the Weights, at equal Diſtan- 
ces, ars as the Quantities of Matter in — 
| | tOWArn 
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wards which the Gravitation is; and ſince that 
veight or Quantityrof Matter is known only hx 
he Quantity of the Attraction, as the Cauſe by : 
( Effect; and ſince, laſtly., that nantity ol 
traction is directly proportional to the Squares 
the Velocities in theſe equal Circles, or reci- 
nocally to the Squares of the periodic Times ; 
he Proportions of.» the - Weights: will eaſily be 
own from the Squares of the Velocities. From 
he periodic Times; therefore of the Plane: that 
ue others revolving about them, which Times 
ete declared before ;.ithe Proportion of the 
Veights towards the, Sum, Fupiter, Saturn, and the 
ub reſpectively, will be as follow - | 
„ e dt, ee ene > > . 
5 ws 4 1 — 177 
jeht 989 — 208172 
weich LY _ 
The Earth -— / 1 v 
The Moo —— \ os 


Now the ſame Numbers which-ſhew the Propor- 
on of the Weight, ſhew likewiſe the Proportion 
f the Quantity of the Matter. Bur as for redu- 
ing the periodtæ Times agreeing to the real Di- 
ances, to periodic Times agreeing to any given 
iſtance, it is eaſtly-.done-. by this Analogy ; 
the Cube df the real Diſtance is to the 
de of the Diſtance given; ſo is the Square of 
e real periodic. Time, to the Square oſ the peri- 
lic Time ſought. The ſquare: Root therefore 
{this Number will = the periodig Time which 
ſought: And by this means the Proportians of 
e Weights and Matter. in the Sus, in Fupitæ, in 
turn, and the Earth, are obtain'd. And altho' the 
oon, which hath no Satelles about it, doth afford 
d ſuch Argument as this of a Satellits Weight — 
War 
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che ſame Method as in the former Caſe, and} 


wards it, or the Quantity of its own Matter 
yet notwithſtanding , ſince it preſents to i 
another Argument of the ſame Thing, 
wit, in the Flux and Reflux 'of the Sea; 
thought ic not improper to ſet down in this pla 
and by way of Anticipation, that Gravitatior 
towards this Planet, which will afrerwards þ 
prov'd from that Flux and Reflux. Mord 
Caſe (2.) To determine theWeights of Bodies: 
the Diſtances of the Semi-diameters of the Pl 
nets, or upon their Surfaces. This is done 


the like Analogy accommodated to theſe pa 
lar Diſtances. In which Calculation, if we t 
Mr. Flamſteed's Semi-diameters of the Planets 
the true ones, they will ſtand thus: 


The Sun | 2767460. & dont 
Saturn ki 67870 JG 
Jupiter - N Burg 9 
38 > 2. hs 4444\.5 

The Eantbp is in D 1 791 6 Th 
' Moon © a 2175\S 
Venus 7906 J 7 
Mercury 4240 id 


The Weight therefore of equal Bodies up 
the Surfaces of thoſe Stars, is as follows: 


38 he Earth — — 7 

E 80 Fine — — 4% 
2 The Moon — ——— 0115 

K. 6 —— - - 17 


April 26. 1708. 


- 


Engin Miles long- 
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L xz cr. : XXXV. 
XV. ** Problem. To determine 


the Denſities of the Pla- 


i 1 — Since of the Nane 
? in ce Ms — d 


che former Caſe of the laſt Propoſitien; and 
the latter Caſe;' we have the Diameters of 
e Planets determia d according to Mr. Flamfeed ; 


will de no difficult thing, from the given Quan- 
of Matter contain d in the given 5 


pheres, co 
mpute che Denſty of the ſane Mutter; which 


done to hand in een en * 
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races of the Planets downwards, deeteaſeth in 
ſimple Proportion of the Diſtances from the 
nters very nearly, '' 
For if the Matter of the Planet were every” - 
ere the Tame as to 11 this Proportion 
buld hold ezaaly by * 47. And where it 
fins not exactly agreement is no other 
n ſucty as ths — Denſity ought to pro- 


Collery, Therefore the Gravity of Bodies on 
— of the Planets, is che greateſt of all 4 
an 


348 Mathematical Philoſophy. 
and on both Sides decreaſeth; and is upwan 
in the reciprocal duplicate-Propgrtion:of. the 
ſtance, and downwards in the imple Propotti 
direct. 1 | 
LXXXVII. The Motion of - Planets a 
Comets may be maintain'd for a very long Spac 
of Time in the Heavens... „ 
For ſince the Reſiſtance of Mediums, wii 
alone can ſtop or retard theſe Motions once begu 
is:dirdiniſh'd in Proportion td che, Weight or De 
ſity of the Matter ſo that Water, which is ne 
14 times lighter than Quickſilver, doth reſt le 
in the ſame] Proportion; and Air, which-is 
moſt. a thonſahd;times ligbter than Water,doth : 
fiſt-leſs in the lame Prapomios!; If. we look he 
yond our Atmoſphere, which; doth it ſelf ;; 
wax more rare by degrees, as, it were inſimiteh 
into the Heavens, where the Weight or Den 
of the Medium is vaſtly diminiſh'd, above wi 
it is in any Part of our 7 the Reiß 
ſtance will be ſo very ſmall, that for ſome tho 
ſands of: Years it can ſcarcè be any pb 
ſenſible; accordingly it is evident that it hath bee 
inſenſible, hecauſe the Celeſtial Motiot 
have endured from the Infancy of Aſtronon 
unto this Day, without ang, notable Change! 
Loſs of Motion in on by net 140 
: Corollaty< Hut ſince, in. an infinite Dpratiol 
that very ſmall Reſiſtance, if there be any, mi 
needs: retard and ſtop; all ) thoſe Motions ;-it 
manifeſt npon: this Hypotheſis, that the preſe 
State of the Heavens neither was..etermal; 4 # 
ante, nor ſhall be ſo 4 parte pe. And this willhe 
good upon another Account allo, eſpecially if wi 
vir Iſaac Newton we ſuppoſe the Force of Grant 
to obtain not only in the Solar Syſtem , but Wl 
thro' the whole Univerſe, For if the Far 
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ars, or Suns with thelt Planets and Comets, of 
harſoever Numher they are, ſo that it be not in- 
ite, be ſubject the orce of Gravicy ; Th af 
foite 'Time, it-wonlt have come to paſs thou- 
nas of * Yeats Ago; chat they would have been 
uthered rogetHer inch one Heap, and have been 
dyc'd to reft in the Center of the. Univerſe, 
wich thing alſo would, ſome time or other, come 
en paſs in an infifiitę Fs yet to come, without 
„e Intetpoſicion' of the Divine Providence. As 
erefore the preſent State of Things had à Be- 
inning, which is wing to the good Will, Wiſ⸗ 
Im, and Power of Almighty God; ſo at length 
may and will Have an End upon the foregoing 
ypotheſis, that is, according to the Natural or 
#abliſh'd Order of Things; unleſs it ſhould 
laſe Almighty God, by his extraordinary Inter- 
Wolicion, to prevent it: Without whoſe continual 
rerpoſition, on which this wonderful Force of 
iy wholly depends, it cannot laſt the leaſf 
r i nas 
LXXXVII.- The common Center of Gra- 
ty of the Earth, Sun, and all the Planets, ei- 
r reſts, or is moy'd uniformly in a right Linie. 
is is manifeſt from what hath been demonſtra- 
before: But indeed it appears by no certain 
oken, whether it reſts or is mov d. This only 
to be concluded, That if it be mov'd, and 
ith it the whole Solar Syſtem, the Motion muſt 
eds be very ſlow ¶ unleſs ir be mov d uniformly 
d evenly witer the Centers of other Syſtems. 
or the Fixed Stars, whieh encompaſs us on eve- 
Side, neither appear greater nor leſs to us at 
b Day, than they did to the Ancient Aſtrono- 
ers 2000 Years ago. Which Phænomena ſeems 
bew the reſt, or at leaſt the very ſlow Motion 
the ſaid Center. 05000912 MS: 100 
2 Corol, 
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Corol. (x.) Hence the common Center « 
Gravity of the Sun, and all the Planets, is to} 
reckon'd for the Center of the Solar Syſtem, « 
Planetary World. For ſince the Sun, and all th 
Planets, gravitate towards one another, and there 
fore are in perpetual Agitation, more or leſs, 1 
cording to the Force of their Gravity, as it hat 


been ſhew'd under the foregoing Laws of M7. 
tion; it is plain, that their moveable Center; ar 
ought not to be reckon'd for the quieſcent Cent the 


of the World. If that Body indeed is to be p 
ced in the Center, towards which all other Bodie 
do moſt gravitate, and which is next of all tot! 
unmoveable Center, as it is reaſonable that w 
ſhould eſteem it; that Privilege certainly is t 
be allow'd to the Body of the Sun ; which then 
fore ,. ſpeaking phyſically, is deſervedly 2 
counted the Center of the Pla World. But, | 
we would ſpeak accurately and mathematical) 
ſince the Sun it (elf is moy'd, and no ſenſible Be 
dy doth reſt in the Center; the Center of Gran 
ty of the whole Syſtem is to be choſen for the re 
Center of our World, which Center doth indes 
moſt probably reſt, and the Center of the $ 
comes very near to it- Upon the whole therefore 
Phyſically the Sun, but * the Ce 
ter of Gravity is the Center of our World. 

ts Corol. (2.) There is therefore no perfect Rel 
of a real Being in Nature. For ſuppoſing that th 
common Center of the Syſtem doth reft, that} 
the only thing · (if we may ſo call it) which dodl 
reſt ; all the Parts of the Syſtems being in pere 
tual Motion. I ſaid real Being; becauſe this Cet 
ter of Gravity is not a phyſical Body, or u 
thing real, or other than a Mathematical Point, 
a plain Nothing: from whence, in conſequence 
our preſent Argument, it is to be ſaid thatnothir 
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al doth reſt, or that there is not any real and 
dolute Reſt in the whole Solar Syſtem. 
LXXXIX. The Body of the Sun doth never 
|, but is in a perpetual Agitation: tho it never 
ts far from the common Center of Gravity 
all the Planets. For ſince the Quantity of 
tter in the Sun is to the Quantity of Matter 
Jupiter, as 229600 is to 208072, or as 1100 to 
and the Diſtance of Fopiter from the Sun is 
the Semi-diameter of the Sun, as 424,000,000 
0 381,730, or as 1100 to ; that is, inthe ſame 
portion or thereabouts; the common Center 
Gravity of the Sun and Fupiter, which is _ 
a at a Diſtance reciprocally proportional to 
joſe Bodies, will fall upon the Surface of the 
mn almoſt, By the ſame Argument, ſince the 
Quantity of Matter in the Sun, is to the Quantity 
Matter in Saturn, as 229,600 is to 971328, or 
2360 is to 1; and the Diſtance of Saturn from 
Sun is to the Semi- diameter of the Sun, as 
,009,000 is to 381,730, or in ſomething leſs 
roportion ; the common Center of Gravity of 
urn and the Sm will fall upon a Point ſome- 
ing below the Surface of the Sun. From 
hence che common Center of Gravity of 7 i 
and Saturn, as placed on one Part, and of the 
un as placed on the other, will in no wile be 
ſtant by a whole Diameter of the Sun from its 
nter. And in purſuance of the ſame Argu- 
entation, if the Earth and all the inferior Pla- 
n ate, in the Libration, underſtood to be fer 
i the ſame Side of the Sun: By reaſon of the 
earneſs and Smalneſs of thoſe Planets; the com- 
jon Center of Gravity of all will ſcarce be di- 
nt from the Center of the Sun one entire 
diameter thereof. But in other Caſes, which 
pmmonly happen, the Diſtance of the 1 
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is leſs; and where the Planets placed on tus d 
and on that do gounterpoize one another, nc 
at all. "Therefore, altho the Center of Gm 
be indeed ſuppos'd to reft; the Sun, by Real 
of the various Situation of che Planets, will 1 
moy'd a little towards all Parts; but will nere 
depart far from that common Center of Gravity 
XC. All the Primary Planets are movd i 
Ellipſes, which have a common Focus in the Ce 
ter of the Sun; 8 Rays drawn to that Cen the 
ter, they deſcribe 


„ they. del \reas proportional to 
Times. This is true alſo in the Secondaie 
. as revolving about the Centers of their Primare 
We deduc'd theſe things above from Aſtrond 
cal Phænomena; but no the, Principles of che 
Motions being known and eſtabliſhed, from thel 
we gather theſe heavenly Motions d priori. Fi 
fram tlie Direction of Gravity towards the Ce 
ters of the Sun and primar Planets; the foreſt 
Proportionality of the deſcribed Areas doth f6 
tow ; and from the Law of Gravity towards thok 
Centers, which is iti the reciprocal duplicate Pr 
portion of the Diſtance, that Eflipric Figure't 
the Orbs about thoſe Centers placed in the Pot 
is neceſſarily deriv'd, ' 25 we have demon 
ted aboye out of our Author. And theſe thit 
_ be exactly thus, if the Sun and the Prin 
ry Planets reſted from acting mutually upon of 
another. For their Orbs would be i Geometf 
cal Srictneſs Elliptical; and the deſcribed Aral. fe 
would be exactly proportional to the Times. He 
ever, thoſe mutual Actions of the Sun and Plane 
upon one another ate ſo very ſmall, that they oi 
not to be regarded. And the Motion of the proc 
nets about the Sun as moyeable, or any (oft 
Planet as ſuch, is Teſs diſturb'd than it would 
| + the ſame were unmoveable, as dogs moſt 
ore: 
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From whence, ſpeaking phyſically, the 
Propolition is ftill to be accounted true. The 
Action indeed of Jupiter upon Saturn, and its 
fre Satellites; and of Saturn upon Nupiter and its 
four Satell its, is not altogether to be neglect- 
ed: Since theſe Planets are great ones, and pla- 
ced at a very great Diſtance from the Sun. From 
whence, by their mutual Attractions about their 
Heliocentric Conjunctions; which, by reaſon of 
the Slowneſs of their Motions, endure for no 
ſmall Time; ſome Inequalities will riſe on both 
Sides, as well in the Figures of their Orbits, as 
in their Motions ; but yet ſcarce to be ſo much di- 
ſtinguiſh'd in che unequal Motions of the Prima- 
ies themſelves, as in thoſe of theie Secondaries, 
of thoſe about Jupiter eſpecially. | 

Scholiam. According to our Author's Compu- 
ation, the diſturbing Force or Gravity of Saturn 
owards Fupiter is to the Gravity of Saturn 
owards the Sun, about the Conjunction of thoſe 
Planets, as I is to 204, or thereabouts. And the 
Difference of the Gravities of the Sun towards 
turn, and of Fupiter towards Saturn, is to the 

navity of Fupiter towards the Sun, as 1 to 1923. 
lo which Difference the greateſt diſturb- 

g Force of Saturn towards Fupiter is propor- 


| a lonal. From whence the Diſturbance of the Orb 


| Jupiter is far leſs than is that of Satury: But 
e Diſturbances,which are in the reſt of theOrbs, 
re ſo very ſmall, that they are not to be regarded. 
XCI. The Aphelia and Nodes of the Orbs 

d reſt. Becanſe of the Force of Gravity in 
e duplicate Proportion of their Diſtances re- 
Iprocally, the Apſes and Aphelia ought to reſt 
themſelves; as was noted before. And be- 

ſe the ſame Force doth always reſpe& a Point 
moſt unmoveable, the Planes of the Orbs ought 
SYS 2 allo 


— LI 
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alſo to reſt; and when the Planes reſt, the Nodes 
or Interſections of the Orbs muſt reſt too. But 
it is to be noted, that in Succeſſion of Time ſome Ml * 
Inequalities Will ariſe from the Actions of Planets e 
and Comets upon one another; but that they Ml = 
will be ſo very ſmall, that by reaſon thereof they Ml I 
are not to be regarded. It is alſo to be noted, 
that we do in this place ſuppoſe, with all Aſtro- 
nomers, the Reſt of the Center of Gravity of the 
whole Syſtem ; altho', as was hinted above, we ©" 
are not yet able to demonſtrate that Reſt. Theſe 
Things ſuppoſed, we ſhall deduce the following ** 


Corollaries. | __ 

Corol. (.) The Fixed Stars reſt, becauſe that ma 
they keep their given Poſitions towards the Aphe wh 
lia and Nodes which reſt. This will ſeem 2 
new Way of reaſoning in Aſtronomy, to inf obſ 
the Reſt of the Fixed Stars from the Reſt of heli Ab. 
Syſtems of the Planets; whereas, on the contn 1 


ry, we have hitherto been wont to determine the 
Motions of the Planets from the ſuppoſed Reſt 
of the Fixed Stars. And thus it hey needs have 
been, ſo long as our Famous Author's true Cauſe 
of the Celeſtial Motions were unknown. 

Corol. (2.) Since the Parallax of the Fires 
Stars, even the Annual, is ſo very ſmall that i 
ſcarce falls under the Obſervation of the mol 
accurate Obſervers : The Force of thoſe Sta 
by Reaſon of their immenſe Diftance, can pre 
duce no ſenſible Effects in our Syſtem. 

Corol. (3.) From whence it follows, that 
diciary Aſtrology, as it is called, which depends n 
only upon the Poſitions and Influences of d 
Planets, but of the Fixed Stars alſo, wants ! 
ſure Foundation; ſince it ſuppoſeth the Forces! 
thoſe Bodies to be exceeding great, whis 
the foregoing Corollary has 2 obſerx 


XCI 


with 
Cordir 
Th 
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are indeed very ſmall, or rather none at all. But 


— we may add this alſo in the preſent Caſe, that 
me!! the influential Force of all the reſt gf the Planets, 
en excepting the Sun and Moon, which Aſtrologers 
hey alk ſo much of, is either by reaſon of the Im- 
hey menſe Diſtance, or the Smallneſs of their Bodies, 


ed, bo very little in our Atmoſphere, and about the 

Farth, that it can ſcarce be by any ſure Token 
liſcern d; ſo far is it from being able to produce 
thoſe great and wonderful Effects which they 
nel ſuppoſe. Thoſe who, like Idolaters, conceive the 
Stars to be Gods, or that Gods poſſeſs and ani- 
mate them, have ſomewhat wherewichal they 
may maintain their Hypotheſis: Bur as for them 
who have quitted fo groſs an Error as that, it is 
2 Wonder how they ſhould come to adhere thus 
obſtinately ſtill, co thoſe Aſtrological Trifles and 
Abſurdities. 


May 17. 1 708. 


ie 


Lier 
XCII. HE Diurnal Motions of the 

l Planets are uniform and equa- 

21 $6 ble; and the Librations of the 
2-2 Moon ariſes from its Diurnal 
N equable Motion, as compar d 
wich its Menſtrual Inequable, and perform'd ac- 
cording to an Axis inclin'd to its Orbit. 

Theſe Things are noted elſewhere ; and there- 
lore we need not make many Words about them 
now. But becauſe the Day of the Moon, as revolving 

A2 5 
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Uniformly about its own Axis, is a Month; 

(I mean here the Periodic Month ; ) The ſame | 
Face of this Planet will always nearly reſpe& the ere 
Superior Focus of the Ellipſis, but not the Earth, u 
which is placed in the Inferior Focus; becauſe the Moſt 
Angular Motion alſo about that Focus is almoſt {MW But 
equal, but about the Earth plainly unequal. And N paß 
therefore, according to the Situation of the Supe. WAxi 
rior Focus, it will decline commonly on this Side, Cra 
and on that from the Earth, and will ſhew to us 
ſometimes more Eaſfterly, ſometimes more Weſter. 
V Parts; which is the Libration of the Moon as ts 
Longitude. But the Libration of the ſame as to Lai. 
tude, wherein ſometimes more Nortberiy, and at 
other times more Soutberly Parts are preſented to 
us, muſt ariſe from the Inclination of the 
Moon's Axis to the Plane of the Orbit; as is ma- 
nifeſt to him that conſiders, jt. — 1 


Corollary, We may note alſo in this place, aswe 
| have done elſewhere, how exactly theſe two Mo- 
tions of the Moon, which in no wiſe depend one 
; upon the other, to wit, the Diurnal and Men- 
| ſtrual, do agree together; ſo that the one hath not 
been found for above theſe 2000 Years, to overgo 
the other in the leaſt. Which could not be without 
the Providence of God. : 


XCIII. The Axes of the Sun and Planets, 
which are moved with a Diurnal Motion, are le 
than thoſe Diameters which are Perpendicular to 
thoſe Axes. Or the Figure of the Sun and Pla. 
nets, which are revolv'd each about its own Cen- 
ter, is that of an Oblate Spheriod ; that is, that of Mt on 
a Solid produc'd by the Revolution of ag Elliphs 

about its Leſſer Axis. 


The ne I. 


\ 
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The Planets, and all the Celeſtial Bodies what- 
ever, if all Circular Diurnal Motion were taken a- 
way,muſt needs, by reaſon of the equal Gravitation 
of the Parts on all Sides, put on a Spherical Figure. 
But on the ſame Diurnal Motion it will come to 
raſs, that the Parts neceſſarily receding from the 
Axis of Motion, and thereby detracting from the 
Gravity about the Equator, muſt endeavour to 
aſcend, where the Motion is the ſwifteſt. And 
therefore in that Place the Matter of the Planet, 
unleſs it be very Solid. will by its Aſcent unto the 
Equator increaſe the Diameters of the ſame; but 
ill diminiſh the Axis at the Poles, the Gravity 
if the Parts being nothing diminiſh'd there. Thus 
he Diameter of Jupiter (the Obſervations of geſini 
ind Mr. Flamſteed agreeing thereto) is found o be 

orter about the Poles than from Ea to We#F. 
ind by the fame Argument our Earth ought to 
we Wore its Axis Tefſer than the Diameters of the E- 
juatoe, For unleſs the Thing were ſo, and that 
ur Earth were ſomething higher at the Equator 
han about the Poles, the Seas, by reaſon of the 
eater Gravity there, would ſettle downwards a- 
dut the Poles, and inAſcending about the'Equator 
ould overflow all. But by reaſon of the greater 
elocity of the Diurnal Motion, and the leſſer 
enſity ; Jupiter ought to have a much more ſen- 
ble Difference of irs Diameters than any other of 


we e Planets, or than the Sun it ſelf. From whence 
w ronomical Obſervers have hicherto been able 
pla-: diſcover this Difference in no other Planer but 
den:. But that our Earth is of this Figure, appears 
at e only from the Argument juſt now produc'd, 
lips r alſo from the moſt accurate Experiments 


ach haye been made by Pendulums. For by 
WW much the nearer Pendulum-Clocks, of the 
ne Length of the Pendulum, are brought to 
Aa 3 the 
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the Equator, ſo much the more Slow their Vi. . 
brations are obſerv'd to be; and by how much . 
the nearer they come to the Poles, their Vibrati. i 
ons are found ſo much the quicker : becauſe the M « 
Center of the Earth, which in the former Caſe is MI ; 
more remote, and in the latter nearer, doth pro- in 
mote the Acceleration and Retardation of the Ml tr 


pendulous Bodies reſpectively ; as ic muſt neceſ. tit 
ſarily come to paſs according to the preſent Pro- p. 


poſition. or 

Scholium. If you would know exactly the Pro- F- 
portion of the Axis of every Planet unto the Dia. ax 
meters of the Equator, you muſt go through the MW M 
manifold Intricacies of our Author's Calculation. ca 
But 00 would have the Benefit of this Cal- ter 
culat without the Trouble of the fame, de- 
take it thus. By Calculation our Author found Su 
that the Centrifugal Force of the Parts of the MM mu 
Earth under the Equator, ariſing from the Diur- red 
nal Motion, is to the Force of Gravity upoa the MW De 


Superficies of the Earth, as 1 is to 289. From ger 
whence if(inFig.1. Plate 9.) AP B Q repreſents the the 
Figure of the Earth, produced from the Revolu-M the 
tion of an Ellipſis about the Leſſer Axis PO the 
and ACQ, acq be a Canal full of Water, reach. ter, 
ing from the Pole Qq to the Center Cc, audi ſtan 
from thence going forwards towards the Equator Gra 
Aa; the Weight of the Water in the Leg of th: chat 
Canal AC ca, is to the Weight of the Wat vity 
in the other Leg QCcq, as 289 is to 288 4+ fore; 
moſt. Becauſe the Centrifugal Force atiſagi ther, 
from the Circular Motion, will ſuſtain and 
take away one Part from the 289 Parts; and ths 
Weight 288 in the other Tube will ſuſtain the rel 
of the Parts. For the Thing is not only true i 
the Surface of the Earth, but in all the Pan 
of both the Tubes, becauſe the * 
| | orch 
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Force, and the Gravity of the inferior Parts, as 
taken every where at proportional Diſtances from 
the Center, are diminiſh'd in the ſame Proportion 
in the Progreſs to the Center. And then, by 
continuing the Calculation, the Gravity towards 
the Earth in the Place Q will be to the Gravity 
in the Place A, as For is to5oo; and the Cen- 
trifugal Force wg will make that the Exceſs of Al- 
titude in the Leg AC c a, ſhould be a h = zztl1 
Part of the Altitude in the other Leg QC eq; 
or in pur Earth, that the Semi-diameter of the 
Earth at the Equator, ſhould exceed the Semi- 
axis or Semi-diameter at the Poles by about 17 ; 
Miles. Theſe Things, I ſay, will be thus, in 
Caſe that the Earth conſiſts of an uniform Mat- 
ter. For if the Matter at the Center be more 
denſe, as certainly it ought to be, than at the 
Surface ; the Exceſs of Altitude at the Equator 
muſt be ſomething greater: becauſe that if-the 
redundant Matter at the Center, whereby the 
Denſity is made greater, be ſubdued and conſi- 
dered ſeparately ; the Gravity towards the reſt of 
the Earth uniformly denſe, will be reciprocally as 
the Diſtance of the Weight from the Center ; but 
the Gravitation towards the ſame redundant Mat- 
ter, will be reciprocally as the Square of the Di- 
ſtance from that Matter nearly. Therefore the 
Gravity under the Equator, which is towards 
that redundant Matter, will be leſs than the Gra- 
vity was towards the Place of that Matter by the 
foregoing Calculation; and therefore the Earth 
there, by Reaſon of the Defe& of Gravity, will 
aſcend ſomething higher than was defin'd above. 


But now the French have found by Experiments, 
that the Length of Pendulums performing their 
Vibrations in one Second of Time towards the 
Equator, is leſs than that in which they pefform 

ꝙaAa 4 the 
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the ſame towards the Poles in a greater Proportion 
than the foregoing Calculation requires. And 
therefore the Earth ſeems · to be much higher at 
the Equator, than the foregoing Computation 
makes it to be, and indeed no leſs than 31 Miles: 
and accordingly to be denſer at the Center than 
in Mines near the Surface, as Reaſon altogether 

requires. | 
Coro (1.) If the Exceſs of Gravity in the 
Parts about the Poles, above that which is in the 
Equatoreal Parts, were once more exactly vefin'd 
by more accurate Experiments made to that Pur 
oſe, we ſhould at length have an univerſal Mea. 
ms determin'd ; that, to wit, which would ex- 
actly define the due Length of a Pendulum for 
Seconds , in the ſeveral Places which lie be- 
ewixt the Equator and the Poles. From whence, 


as well an Equation of Time, which is now indi- 
cated by equal Pendulums in divers Places, as the 


Proportion of the Semi-diameters of the Earth, 
and of the Denſity of the ſame at the Center, ſo 


that the ſame be ſuppos'd to increaſe uniformly, 


will become known. | 

Corol. (2.) Since the Proportion is the ſame in 
a Canal full of Water, as in one filÞd with any 
other Fluid; and the ſame alſo as in the Earth, which 
is ſuppos'd to be fluid within; while in the mean 
time in a ſolid Earth the thing is otherwiſe; ſince 
allo it is known by Experiments and Obſervations, 
that the Earth is indeed higher at the Equator 
than at the Poles: from thence it is manifeſt, 
that either the whole Earth was fluid, when its 
diurnal Motion ficft began; or ar leaſt that it 
containd a great Fluid within, which, by yield- 
ing, might = place to the Elevation at the 
Equagor, and Depreſſion at the Poles. 

Corol. (3,) If che diurnal Motion of brony 

: ou 


oul 
rich! 
ay 1 
jeſce 


% 
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Hould be gradually retarded, unleſs it contain d 
chin it ſome great Fluid, which would give 
a to the Change of its Figure; the Seas would 
eſcend towards the Poles, and overflow all there. 
Corol. (4.) If the diurnal Motion of a Planet, 
a greater or leſſer Magnitude, but of a given 
Jevſity, be accelerated or retarded in any Pro- 
xrtion whatever, the Centrifugal Force Myll be 
acreas'd or diminiſh'd from*hence in the Aupli- 
are Proportion thereof ; becauſe of the In- 
eaſe or Diminution, both of the Curvature 
nd the Velocity in the fame Proportion; 
nd therefore the Difference of Semi-diame- 
rs will be increas'd or diminiſh'd in that 
me duplicate Proportion. But if the Denſity be 
e. Wcreas'd or diminiſh'd in any Proportion whatſo- 
e er, becauſe the Gravity is increasd or di- 
. Winiſh'd in the ſame proportion, the Difference 


he WI Semi-diameters will be increas'd or diminiſh'd 
h, that fame Proportion alſo: That is, the 
ſo Wilference of Semi-diameters will be in a Propor- 
ly, Won compounded of the duplicate Proportion of 


e periodic Times, and the ſimple Proportion 
the Denſity, both reciprocal. From whence, 
ce the Difference of Semi-diameters in the 


arth is = Parts of the whole Semi-diameter ; 


nce Wd the Square of the periodic Time in Jupiter, 
ns, iich periodic Time is 9b. 56', is to the Square 
tot Bl 24". che periodic Time in the Earth, as 5 to 
eſt, W; and the Denſity of Fupiter is to the Denſity 


the Earth, as 1 is to 5: the Difference of 


tit We Semi-diameters in Jupiter will be to the Diffe- 
= ce of the Semi-diameters in the Earth, as 
the 


4 - 4 . 
n © in l to I, or as One is to Eight. 


lerefore the Semi- diameter of the Equaror 
ts o 
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of the Equator of Jupiter, is to the Semi- axis 2 
9 to 8. From whence, by the way, it is nc 
wonder that ſo great a Difference ſhould lie oper 
to Aſtronomical Obſervation. But it is to be re 
mark'd, that theſe Things are thus, where the 
Denſity of the Planet is uniform. But if the 
Matter of Fupiter be denſer at the Center than x 
the ——_— as it was before obſervd ir 
gener; the Difference of Semi-diameters vil 
be greater ſtill, and more eaſy to be obſerv{ 
Let the Aſtronomical Obſervers therefore take 
notice how far this Corollary. agrees with the 
Diameters of Fupiter, which are meaſur'd by thy 
Micrometer. 
XCIV. The Increaſe of Weight in going 
forwards from the Equator to the Poles , is ven 
near as the Square of the right Sine of Latitude 
or, which is the ſame, as the verſed Sines of Lat 
tude themſelves. 
| Becauſe the Weights of the unequal Legs 
the Canal of Water ACQ-qca are 
and do poize one another; and the Weights « 
the Parts, like or ſimilar to the whole Legs, ant 
which are alike ſituated, are to one another ast 
Weights of the Wholes, and conſequently an 
equal betwixt themſelves ; the Weights of th 
Parts, which are equal, and alike ſituated in 
Legs will be reciprocally as the Legs: that is, 
ciprocally as the Diſtances of the Bodies fra 
the Center of the Earth. And the thing is ti 
ſame in all homogeneous and equal Bodies wh 
ſoever, which are alike ſituated in the Legs of th 
Canal. Bodies placed in the uppermoſt Pan 
of the Canals, or in the Surface of the Eat 
will have their Weights in that Proportion to d 
another reciprocally, as their Diſtances from! 
Center are: And the fame is to be ſaid of Weign 
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in any other Regions whatever, through the 
whole Surface of the Earth. And the Increaſe 
of Weight in the Earth, which is a Spheroidal 
Oblate Body, as the Famous Dr. Gregory hath de- 
monſtrated (4ſfron. Book III. Prop. 52.) is as the 
gguare of the right Sine of the Latitude of the. 
ploce, or, which comes to the ſame, as the verſed 
dine of Latitude _— 

Coroll. , Since therefore Dr. Gregory hath de- 
monſtrated in the ſame Place, that the Longi- 
Wrudes of Pendulums vibrating in equal Time, are 
betwixt themſelves as the Diſtances from the Cen- 
er of the Earth recipfocally; the Difference of 
dinelde Length of Pendulums will be as the Square 

Wof che right Sine of Latitude: And thus every 
where. 
XCV. The unequal Motions of the Satellites 
of Jupiter and Saturn are plainly like and analo- 
pous to the unequal Motions of the Moon, and 
iſe from like Cauſes. 
I mean the Motion of the Nodes in Antece- 
lia, and of the Apſes ſometimes in Anteceden- 
ia, but more ſlowly, and ſometimes in Conſequen- 
Wi: more ſwiftly, and'by the Exceſs of this latter 
Notion their being mov'd in Conſequentia upon 
he Whole; the Motion of Variation, and the 
reſt of the like Motions, muſt be the ſame in 
heſe Secondary Planets as in the Moon, and 
herefore do not require to be ap nyc handled. 
It is true, that by Reaſon of the Smallneſs of 
heſe Inequalities, and Slowneſs of theſe Moti · 
dns in the other Secondaries, their Motions ap- 
pear very regular, when compared with the Mo. 
ions of the Moon; which hath made ſome 
he later Aſtronomers to deny all Motion to the 
odes of thoſe other Secondaries. Nevertheleſs, 
r. Flamſteed, in conferring his Obſervations with 
thole 
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thoſe of Mr. Caſſini, hath found that the Nodes 


of thoſe about Jupiter do indeed go back though 
more ſlowly ; and it is not to be doubted, but 


that Time will more certainly and exactly diſco. 
ver and determine the ſame, and all the other men. 
tion'd Inequalities in the Satellites, both of J 


ter and Saturn. 
uy May 31. 1708. 
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XxCvI. A H E Flux and Reflux of the 
* 28 1 che a b 
2 0 


Sea ariſes from the Gtavitz-· WM 0, 

tion of the Water towards the M,... . 

Men Sun and Moon, or the Afi 1. 

| trations of thoſe Luminaries hour. 

That the Sea in the Spaee of every Day, as wel Nou 

Lunar as Solar, ought to ſwell twice, and ewice 

to ſettle and fall-back, is manifeſt from what hat MW, «5, 

been demgnſtrated above. But that the great Nil nc 
eſt heighth of the Water doth not fall juſt at 
the Appulſe of the Luminaries to the Meridian, 
but follows the ſame by the Space of about three 
Hours, is what we ſhall now undertake to expli- 
cate. That the thing is indeed ſo, appears from 
the Obſervations of the Tides, as well as in the 
Atlantic Ocean, and the whole Eafern Tract of 
the Ethiopic betwixt France and the Cape of Gul 
Hope, as upon the Coaſt of the Pacific along Chi 
and Peru, In all which Shores, the High- Water 


falls about three Hours after the Time — 
a - unie 


— — — — 


— 
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unleſs it be where the Motion is not retarded by 


les is being propagated through Shallows. Now the 
gh WMr:aſon is this: When the Luminary is in the Me- 
ut W::4i2n, the attracting Force is then certainly at 
co. ide greateſt , but the Effect of that Force is not 
en. yet come to its Height. For all impreſs'd Moti- 
n perſeveres uniformly until a contrary Motion 


leftroys, or at leaſt retards it. The Flux of the 
2, or Ocean rather, which for the Six Morning 
ours, if we may ſo call them when we ſpeak 
f the Moon, is continually increas'd ; and by 
s conſpiring with the diurnal Motion, accelera- 
d; ought, by reaſon of this its greater Celerity, 
o go forwards till farther, and to accumulate 
e Waters more and more, until the ſame Force, 
y tending afterwards contrary to the diurnal 
otion, doth by degrees retard the Codtſe of 
at Motion which is going forwards; and by 


the Nad by to make the ſhove Waters to proceed with 
ita Wh ſlow a Motion, that a Reflux of the Ocean fol- 
the Wws : Which Retardation of the Motion ought 
= be moſt notable about the Octants, or the third 


four. Examples of ſuch like greateſt Effects, as 
flowing ſome Space of Time after their greateſt 
uſes, we have yearly in the greateſt Heat of 
de Summer, and Cold of the Winter; which 
ls not in the Solſtices themſelves, but about the 
ants, if I may ſo ſpeak, about a Month and 
half after; and in every Summer-day, in the 
aateſt Heat of the Day, which happens an 
our or two after Noon, rather than at the Noon 
lelf. So in the preſent Caſe, whilſt after the 
eſt Force of all, and that raiſing of the Wa- 


t of Wh: which is thereby, Forces next to the greateſt; 
God not yet turned to the contrary Part, do ſtill 
Chil ernte; the Forces which are leſs than the 


ateſt, being ſuper-added to the Motions which 
were 
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were ſtirr'd up by the greateſt, and go forwar 
by their own proper Tendency, muſt needs > 
tain a greater Effect, than Forces ſtill increaſing 
ſuper-added to leſſer Motions, could have. The 
it is to be noted alſo, that the attracting Forcei 
ſelf, which lifts the Water directly upwards, dot! 
ſcarce ſenſibly fall ſhort of its greateſt Quand 
for an Hour or two after the Appulſe of the L 
minary to the Meridian, altho' the Direction 
the Attraction which accelerates or retards d 
Waters, be directly upwards in the Meridian i 
ſelf, and from thence is chang'd. The Wat 
therefore will be moſt accumulated, where t 
Parts, which have juſt now paſs'd the Meridi 
with the greateft Velocity, do fall upon othe 
Parts which had before been retarded at the Q 
dratufe ; and ſo by conſpiring with the Ende 
vour of the other, do make the greateſt Flood 
all: which happens about the third Hour, Fe 
in this place we intend not ſo much the vulg 
Hours, as thoſe which are reckon'd from the A 
pulſe of the Sun and Moon to the Meridian 
the Place, as well below as above the Horizon 
and by the Hours of a Lunar Day, we uaderlta 
24 Parts of that Time in which the Moon, by! 
apparent diurnal Motion, is revolv'd. to the M 
ridian of any Place. 

XCVII.' The Tides which depend on 
Force of the Sun, and on the Force of the Mo 
ſeverally, do not make a double Tide, but a ſing 
one; which is to be eſtimated from the Conju 
ction of their Forces. 0 a 

For like as any Body whatever, which is i 
preſs'd by a double Force, cannot go forwards 
two Lines, but from the Conjunction of the KK 
ces will proceed in the Diagonal of a Paral 
gram, in the ſame manner as if it had been a 

F 2 ; mo 


Mathematical Pbiloſopby. 367 


pon by one ſingle Force, according to the Di- 
ection of the Diagonal; ſo thoſe two Motions, 
ich the two Luminaries do excite reſpectively, 
in not appear ſeverally, but will make one 
„i Motion. In the Conjunction and Oppoſi- 
on of the Luminaries, their Effects will be con- 
nue in'd; and the greateſt Floods of all will be 
made, as ariſing from the Sum of the Forces at 
hat Time. In the Quadratures of thoſe Lumi- 
aries, the Sun will lift up the Water, whilſt the 
oon depreſſeth it; and depreſs it, where the 
oon lifts it up: and there the Flood will 
dhe leaſt of all, as being the Reſult of 
he Difference of the Forces only. And 
Wccauſe ," as it appears by Experience, the 
orce and Effect of the Moon in the preſent 
aſe is much greater than that of the Sun, the 
reateſt Heighth of the Water will fall upon the 
hird Lunar Hour. But without the Syzygies and 
Quadratures, the greateſt Flood of all, which by 
he Lunar Force alone ought to fall in the third 
unar Hour, and by the Solar Force alone in the 
ird Solar Hour, will, by the Compoſition of 
he Forces, fall upon ſome intermediate Time, 
Which will be much nearer to the third Lunat 
our, than to the third Solar one; and conſe- 
uently, in the paſſing of the Moon from the 
d)zygies to the dratures, at which Time the 
hird Solar Hour goes before the third Lunar, the 
freateft Height of the Water will alſo precede 
e third Lunar Hour; and this by the greateſt 
nterval of all, a little after the Octants of the 
don: And the greateſt Heighth of the Witer 
ll follow the third Lunar Hour by the like In- 
vals, whilſt the. Moon paſſeth from the Qua- 
Wratures to the Syzygies; and this alſo by the 
reateſt Interval, a little after the Octants — the 
Oon. 
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Moon. Thus will the thing be in the Oce, 
or open Sea: For in the Mouths of Rivers, th 
greater Floods, ceteris paribus, require the longs 
Time, and fo come unto their Heighth a lit 
more ſlowl 7. 
XCVIII. The Tide ought to be different,; 
cording to the different Diſtances of the Lumin 
ries from the Earth, both every Year and ey 
Month ; and this in the triplicate reciprocal Pre 
portion of thoſe Diſtances, or in the triplicate d 
rect Proportion of the apparent Diameters. 
This we have demonſtrated before: Nor is itu 
be wondred at, thit theſe Effects ſhould be greg 
er at leſs Diſtances, and leſſer at greater. , Wh 
fore the Sun in Winter-Time, when it is aboy 
the Perigee, will make the Tides after the 9 
zygies to be ſomething greater, becauſe of thi 
greater Sum of the Forces; and thoſe after t 
Quadratures to be ſomething leſs, becauſe of th 
Difference of the Forces, than they will be it 
Summer-Time ; cateris paribus. And the Moot 
every Month, when it is about the Perige 
will make greater Tides than 15 Days be 
fore and after, when it is in the Apogee. Frot 
whence, if the Perigee Situation of the Moc 
happens about the Conjunction, the Day-Floa 
will be increas'd, and the Night- Flood diminiſh 
but if that Situation happens about the Oppoſit 
on, the Night-Flood will be increas'd, and ti 
Day-Flood diminiſh'd. From whence alſo 
comes to paſs, that two Tides the greateſt of 
do not follow one another two Syzygies togetnel 
For if the Moon be in one of the Syzygies abo 
the Perigee, and raiſeth the greateſt Tide f 
that Time, by the Conjunction of its Force wit 
that of the Sun; in the other of the SyzygiesR 


muſt. needs be about the Apogee, and have! 
Force. | NCIX, Thi 


Mathematica! Philoſophy; 369 
XCIX. - The Tides likewiſe ought to be divers; 
cording to the divers Declination of the Lumi- 
naries from the Equator. Tp CO 

For if the Luminary were placed in either of 
the Poles, it would draw the Water conſtantly 


and coriſequently would make no Reciprocation 

he Water. Thetefore the Lyminaries, in departs 
g froni the Equator towards either Pole, will 
by degrees loſe their Effeas; and therefore will 
iſe lefſer Tides aftet the Sollticial Syzygies;thait 
ter the Equinoctial. But after the Solſticial 
Nuadratures, the Tides will become greater than 
fer the Equinoctial; ' becauſe the Effect of the 
Moon, which is now placed above the Equator; 
joth moſt of all exceed the Effect of the Sun. 
herefore the greateſt Tides fall after the Equi - 
zctial Syrygies, and the leaſt after the ſame Qua- 
intures of rhe Luminaries : and the greateſt 
lood about the Syzygies is always attended witli 
he leaſt about the Quadratures, as Experiencs 
eſtifies. But by the leſſer Diſtance of the Sun 
rom the Earth in Winter Time than in Summer; 
comes to paſs, that the greateſt Tides and the 
aſt do oftner precede the Vernal Equinox, thai 
ollow it; and do oftner follow the Autumnal 
quindy, than pregede it! ,_ ; 

C. Some Phenomena of the Tides, and Ef- 
is of the Luminaties, are divers, according. to 

divers Latitude of Places in the Earth; and 
ſpecially as to the Niglit and Day-Floods, which 
ow one another immediately... 

In Fig. z. Plate 9. let Ap E P deſign the Earth; 
orered on every fide with feop. Wart. Let 
| be the Center thereof. pP the Poles: AE 
ies M Equator; F any Place without the Equator; 

= ! the Parallel of the Hlage, Dd the * 
* 


without Intention or Remiſſion of the Action; 


— 
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dent Parallel on the other ſide of the Equator, X 
H that Place of the Earth which is direAly undet fo 
the Moon's Place, which was Three Hours be.. 
fore, or the middle Point of the elevated Water, MW co 
h the Place oppoſite thereto, or the Point of the wi 
Water in the other Part of the Earth, where the tw 
Water is moſt elevated. K k, Places diſtant 90 par 
Degrees from thence. CH, Ch the greateſt Al. 
titudes of the Sea, meaſured from the Center of 
the Earth; and CK, Ck the leaſt Elevations 
And if from the Axes Hh, KK an Ellipſis be de- 
ſcrib'd; and then by the Revolution of this Ellips 
fis about the greater Axis Hh, there be defcrib') 
a Spheroid HP Khpk; this will deſcribe the Fi. 
eure of the Sea nearly: and CF, Cf; CD, Cd 
will be the Elevations of the Sea in the Places 
Ff and Dd. Moreover, if in the foreſaid Revo 
lotion of the Ellipſis, any Point whatever, as N 
deſcribes the Circle NM, which cuts the . 
rallels Ff Dd in any Places, as R, T, and <0 
Equator AE in S, CN will be the Heighth'd 
the Sea in all the Places R, S, T ſituate in chil 
Circle. - Hence, in the diurnal Revolution 
any Place whatever, as E, the Flood will be tie 
zreateſt there, three Hours after the Appulle « 
e Moon to the Meridian above the Horizon 
afcerwards the Ebb will be the [greateſt in Q} 
three Hours after the ſetting of the Moon; het 
the Flux will be the greuteſt in f, three Hout 1 
ter the Appulſe of the Moon to the Meridian bv 
tow the Horizon; and laſtly, the Ebb will be c 
greateſt in Q, three Hours after the riſing of n 
Moon; and the latter Flood in f, will be leſs than 
the former Flood in F. For the whole Ocean 
diftinguiſh'd into two Hemiſpherical Ploods; on 
in the Hemiſphere K HK C, which looks to ch 
North; the other in the oppoſite _— 
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or W.-K hk c; which looks to the South ; which there- 
der fore we may call the Northern and Southern Floods. 
be WH Theſe Floods, which are oppoſite each to other, 
er come by turns to the Meridian of each Place, 
the wich the Interval of about 12 Lunar Hours be- 
the twixe. For ſince the Nortbern Regions do more 
go partake of the Northern, and the Sourbern Regions 
Ado more partake of the Southern Flood; from 
rel chence there proceed Tides alternately greater 
ons ind leſs in each Place without the Equator. But 
de: che greater Tide, when the Moon declines to- 
lin wards the Vertex of the Place, will fall about 
ib chree a-Clock after the Appulſe of the Moon un- 
F. to the Meridian above the Horizon; and the 
Ca lood, when the Moon changeth its Declination, 
cn ind recedes from the Vertex, will be changed in- 
evo-Mito a leſs: And the greateſt Difference of Floods 
as Mill, for this Reaſon, fall upon the Times of the 
Solſtices, eſpecially if the Moon's aſcending Node 
te in the Beginning of Aries; that ſo the Moon, 
n it is neareſt to the Vertex, and the remoteſt 
from it, may have the ſame diurnal Revolution. 
und this is confirm'd from Experience; by which 
t is found, that the Morning)Tides do in Win- 
er-Time exceed the Evening; and in Summer 
he Evening exceed the Morning Tides : At Pli- 
wt, for Inſtance, by the Heighth of one Foot, 
nd at Briſtol of fifteen Inches; as appears from 
e Obſervations of Mr. Colzpreſs and Mr. Sturmy. 
ut that theſe 2 do not ſeem ſo great as 
ight be expected in Places ſo remote from the 
quator, may be. owing to ſome other Cauſe. 
he Motions defcrib'd hitherto are ſomethi E 
1ng'd by that Force of the Reciprocation o 
e Waters, wherewith the Tide, even though 
e Actions of the Luminaries ſhould ceaſe, might 
ndure for ſome. Time. This Conſervation of 
: 9... Bb 2 the 


* _ 
—— 75 — — — — 


the Motion once impreſs'd, doth diminiſh the 


- niſhes thoſe next after the Quadratures. Fe 


are the fourth or even the fifth after the Syzygie 
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Difference of the alternate Tides ; and makes the 
Tides next after the Syzygies greater, and dim 


from hence it comes to paſs, that the. alterna 
Tides at Plimouth and Briffol do not differ much 
more than by the Heighth of 12 or 15 Inches 
and that the greateſt Tides of all in the ſame 
Ports, are not thoſe which are next after the 8 
zygies, but the third Tides after them; which a 
grees exactly with what was ſaid before. For i 
theſe Motions are retarded, in their paſſing thro 
Shallows ; ſo that the greateſt Tides of all it 
ſome Streights, and the Mouths of ſome Rivers 
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Cl. H E Phænomena of the Flu 
3 15 and Reflux of the Ocean i 
: *S * 2 particular Places, as S 
N Ports, Mouths of Rivers, mal 
Seas, and which communicat 
little or not at all with the Ocean; in thoſe alk 
which are far diſtant from the Equator, do 
more than a little from the general Laws of ti 
Tide before ſet down, and are commonly alten 
by thoſe particular Circumſtances. 
As for Example; it may come to paſs, that ti 
Tide may, be propagated from the Ocean tho“ 
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vers Streights, and quicker through ſome than 


the others; in which Caſe, the ſame Tide being di- 
:mi-Mlyided into two or more which come ſucceflively, 
Fo nay make new Motions of divers Kinds. It may 
nate come to paſs alſo through the Length of the Way, 
mch or the various Winding of the ſame, or by means 
hes of Obſtacles which are in the Way, that the Tide 
ameMmay be diminiſh'd and almoſt ſtopp'd. (From 
| whence it comes, that where. there be a great 
5 umber of Iflands, as the Moluccoes, the Philip- 
r, in the Mexican- Bay, the Antillæ, there is al- 
th most no Flux, or far leſs than in the wide and 
ll n pen Ocean.) Again, a Tide which is in a mean 
ven rate in the Ocean may become very great in Ri- 
gie ers, becauſe of the Narrownels of the Paſſages, 
ind the Heighth of the Shores. In ſmall Seas 
Iſo, there is none, or a very ſmall Tide. For 
nce the greateft Tide ought to happen in the 
eep Ocean only, which is open to the Eft and 
44 for the Space of 90 Degrees; by how much 
eſs the Sea is, ſo much the leſs the Accele- 
tion and Retardation of the Waters, that is, the 
lux and Reflux, muſt needs be; Nor can it be 
reat, unleſs the Sea doth communicate freely with 
he Ocean. For if it communicateth not, or but 
ttle therewith, as it is in the Mediterranean, a leſs 
ide for that Reaſon is to be — In thoſe 
oh ices alſo which are remov'd far from the Equator, 
7 here the Tide muſt be propagated in a leſs de- 
nien << eſpecially if they have but little Communi- 
tion with the Ocean; and fo will be but ſmall, 
tit comes to paſs in the Raltic and the Northern 
eas. Which happens alſo in the Euxine and Ca- 
ian Seas, not only by reaſon of their ſomething 
ortherly Situation, and their ſmall Communica- 
it en with the Ocean, if they have any at all, but 
0 0! aſon alſo of the Smalneſs of thoſe Seas. In 
vet Bb 3 Seas 
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Seas which lie open, and extend themſelves 2 Ml {* 
great way from the Ea#t to the Weft, as in the fo 
Pacific Sea, and the Parts of the Atlantic and Et. de. 
opic Sea without the Tropics, the Water is wont bee 
to be elevated unto the Heighth of 6, 9, 12, o Fe 
15 Feet. And in the Pacific Sea, which is deeper Hi 
and wider, the Tides are ſaid to be greater than the 
in the Atlantic and Etbiopic. In the Etbiopie des, Ml 
the Elevation of the Water betwixt the Tropicks in 
is leſs than that in the Temperate Zones, by rea. in 
ſon of the Narrowneſs of the Sea betwixt Africs, Ne 
and the Souther» Part of America. In the Middle WI Mc 
of the Sea the Water cannot aſcend, but it muſt M Me 
deſcend at the ſame time to both Shores, the 
Eaſtern and Weſtern, when yet in our narrow Sea 
it ought to deſcend by turns unto the Shores, 
For this Reaſon the Flux and Reflux muſt be ve- 
Ty ſmall in Iſlands, which are very remote from 
the Continent. In ſome Ports, as hath been ve- 
ry lately obſerv'd, where the Water paſſing thro' 
ſhallow Places is forc'd to flow in and qut with 1 
great Violence, to fill and empty by turns narrow 
Bays, the Tides are greater than uſual ; as at Pl. 
mouth and Chepſtow- Bridge in England, the Hills of 
St. Michael and the City of Awranches in Norman 
dy, Cambaia and Pegu in the Eaft- Indies. In theſe 
Places the Sea coming and going back with 2 
great Velocity, ſometimes overflows the Shoarz 
and then leaves them dry for many Miles. Not 
can the Force of Flowing in and Reflowing be dea, 


ſtopp'd, until the Water be elevated or depreſs ſeem 
30, 40, 50, or ſometimes 60 Feet. And the thing eme 
js the ſame, in ſome meaſure, in long, ſhallow, Oce⸗ 
and narrow Streights, as the Magellanie and thut the 5 
wherewith England is encompaſs d. But in Shores after 
which haye 2 ſteep Deſcent towards a deep ant = P 


open Sea, where the Water may be gb 
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ſettle freely without any acceſſional Force of 
flowing in and returning; the Tide, if we would 
determine the general mean Quantity, is to be 
reckon'd to ariſe to the Heighth of about 12 
Feet), i. e. if we meaſure from the Low to the 
High-Water Mark. But of all Sea-Tides, that is 
the moſt ro be admir'd, which Dr. Halley ſpeaks 
of from the Obſervations of Mariners, as being 
in a Port of the Kingdom of Tunquin at Batſham, 
in the Northern Latitude of 20%. 50. There the 
Water , on the Day following the Paſſage of the 
Moon over the Equator, ſtagnates; then the 
Moon declining to the North, it begins to ebb 
and flow, not twice as in other Ports, but once 
only in a Day; and the High-Water falls at the 
ſetting of the Moon, and the Low- Water at the 
riſing of the ſame; and this Tide is increas d with 
the Declination of the Moon until the ſeventh or 
eighth Day; and for the other ſeven Days, it de- 
creaſes by the ſame Degrees by which it increa- 
ſed before ; and the Moon changing its Declina- 
tion, it ceaſeth; and from thence is preſently 
changed into a Reflux. For then the Reflux falls 
at the ſetting of the Moon, and the Flux ac the 
ſing, until this Planet doth again change its De- 
clination, There 1s a double Entrance into this 
Port, and the neighbouring Streights; the one 
from the Chineſe Ocean, betwixt the Continent 
and the Lewconian Iſland ; the other from the Indian 
dea, betwixt the Continentand the Iſle of Borneo. It 
ſeems probable, that two almoſt equal Tides do 
come into this Port from the}differenc Tides of this 
Ocean ; the former of which precedes the other by 
the Space of almoſt ſix Hours, and falls 3 Hours 
after the Appulie of the Moon to the Meridian of 
the Port. When the Moon in this its Appulſe to the 
Meridian is in the Equator,there will come at each 
ix Hours End equal Fluxes, which falling upon 
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mutual Refluxes will make the fame equal tothe 
Flyxes; and fo will cauſe that for that Day the Ml 

Vater will ſeem to he moved with no Tide at al. 2 
When the Moon declines from the Equator, the WM th 
Tides in the Ocean will become by turns greater Ml ch. 
and leſſer, as we ſhew'd in the laſt Propoſition Ml v1 
but one; and from thence two greater Fluxes, th. 
and two leſſer ones, will be propagated into this Bu 
Port by turns. But the two greater Fluxes, d the 
joining their Waters, will make the higheſt Flux WM ;, 
CG the middle Time betwixt both; the greater Af. IM tha 
flux and the leſs will make that the Water ſhould Ml fc 
aſcend unto a mean Heighth in the middle Time WM Me 
betwixt them; and betwixt the two leſſer Fluxes, por 
the Water will aſcend unto the leaſt Altimde MW For 
Thus, in the Space of 24 Lunar Hours, the Wa. 
ter will come not twice, as it is in other Places, 
but once only untb its greateſt Altitude, and 
once unto its leaſt ; and the greateſt' Altitude, 
when the Moon declines to the Pole which is 
above the Horizon of the Place, will fall fix 
Hours after the Appulſe of the Moon to the Me- 
ridian of the Place ;'and the Moon changing its 
Declination, it will be chang'd into a Refur 
Therefore one Tide coming in the Space of 11 
Hours from the Indian Ocean, and the other in 


through choſe Streights reſpectively, which wer 
before mentioned; and ſo falling one at the thitd, 
and the other at the ninth Lunar Hour, feem to 
make thoſe anomalous Tides. But theſe and ſuci 
like particular Phænomena are every where to be 
left to the Obſervations of the neighbouring 


Shores and Seas. | 
Sebolium. If we would decline the Intricac 
and Tediouſneſs of our Author's'Calculation, and 

efire only to know the Quantities of the Forces 
deiii 6 1.1. FCC „ theſ 
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he Wl they are thus: The Sum of the Sun's Forces, as 
he WI well in deprefling the Waters in the Places which 
all, WH are 90 Degrees from it, as in elevating them in 
the the Places which are under it, and thoſe oppoſite 
ter Wl thereto, if they be taken conjunctly; or the 
on WM whole Force of the Sun to move the Sea is to 
es, the Force of Gravity with us, as 1 is to 12,868, 200. 
his But ſince the Centrifugal Force of the Parts of 
by WW the Earth ariſing from its diurnal Motion, which 
lux z; to the Force of Gravity as 1 to 289, doth make 
Af. chat the Heighth of the Water under the Equator 
uld mould exceed its Heighth under the Poles, by the 
me Wl Meaſure of 85820 Feet of Paris: The Solar 
ces, WM Force of which we now treat, ſince it is to the 
de. Force of Gravity as x to 12,868, bo, and con- 
V- ſequently to that Centrifugal Force as 289 ta 
ces, 12,868, 200, or as 1 to 44,527 ; it will make, that 
and I the Heigkth of the Water in the Places under the 
ide, Sun, and oppoſite therto, ſhwuld exceed the Al- 
1 1s WM titude of it in the Places which are 9o Degrees 
{ix Bf diſtant from the Sun, by the meaſure only of one 
Me- WH Foot of Paris, and a little above 11 Inches; accord- 
in ing to this Analogy 44,527 :1:: 85,820: 114. andy of 
lus. WF an Inch. Now the Force of the Moon for the moving 
of che Sea, which is the principal Force, is to be de- 
r 10 duced from the Proportion which it bears to that 
ea0 N of the Sun, and to bediſtinguiſh'd by the Effects or 
vere Sum, of the Motions in the Syzygies, and the Diffe- 
rd, rence: in the Quadratures: By this Computation, the 
n % Force of the Moon is to the Force of the Sun, 
ſuck Wirhen Obſervations are compar'd together, as 4| 48 
0 bY to i nearly, or in a round Number almoſt five-fold. 
Coroll. (x.) Since therefore, as we have ſeen 
tefore, the Sun's Force ought to elevate the Wa- 
ter unto the Heighth of almoſt two Feet, the 
Moon's Force, which is almoſt five times as 
eat, ought to elevate the Water unto the 
N | VE Oy Heighth 
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Heighth of about 9 Feet; and the Lunar Force 
and the Sun's conjoin'd, as in the Syzygies, will 
elevate the ſame unto near 11; and when the 
Sun's Force is ſubſtracted from the Moon's, as in 
the Quadratures, will elevate it about 7 Feet. 
Now this Force doth abundantly ſuffice to cauſe 
all the Motions of the Sea, and doth very well 
agree with the Quantity of the Motions defin'd 
above; and by anſwering ſo well to the ſame, 
doth plainly confirm the Truth of that Cauſe of M 
the Tides which we have affign'd. 

Corol. (2.) Since the Force of the Moon to 
move the Sea is to the Force of Gravity, c- 
cording to what hath been demonſtrated before, I il 
only as 1 is to 2871400; it is manifeſt, that that I N 
Force is far leſs than to be perceiv'd in any Expe- ¶ De 
riments of Pendulums, or in any Static, or Hydro- ,.. 
ſtatic Experiments whatſoever. This Force can 
have a ſenſible Effe& in the Sea only. We 

Corol. (3.) Foraſmuch as the Force of the WW N 
Moon to move the Sea, is to the Sun's Force up- Io 
on the ſame as near 5 to 1; and thoſe Forces are I itt 
as the Denſities of the Bodies, or the Quantities of 
Matter contain'd in equal Space, and as the Cubes 
of the Diſtances or Diameters conjunctly; for 
Bodies equally denſe are as the Cubes of the true 
Diameters directly, in reſpect of the ſame Di- 


ſtance ; and the moving Forces in this Caſe are i © 
alſo as the Cubes of the Diſtances reciprocally, N (ab. 
or as the Cubes of the apparent Diametets diret-WM.c... 
ly ; and conſequently it is the ſame thing whether depe: 


the Sun be nearer or more remote, greater or leb, MW thing 
ſo that the apparent Diameter be certain and de. be g 
terminate: For theſe Reaſons the Denſity of the the é 
Moon will be to that of the Sun, is is its Effect, ot N ave, 
as 4148 to 1; and as the Cube of the apparent about 
Diameter of the Moog is to the Cube of the = "Were 
, ap 4 Tl > ; 
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ce apparent Diameter, i. e. as 4148 to 1 3 and as 720 
i to 672 conjunctly = 4148 x 720 to 100 * 672, or 
he 2; 67 to 32 almoſt; but the Denſity of the Sun to 
in che Denſity of the Earth, is as 100 to 396. There 
et. WW fore the Denfity of the Moon to the Denſity of 
the Earth, will be as 21 to 17, nearly, or almoſt 
el I :;5 to 4. Therefore the Body of the Moon is 
nd conſiderably Denſer ; and if I may uſe fuch an 
ne, ¶ Expreffion, more Terreſtrial than the Earth it ſelf, 
ol 2; we obſerv'd before, by way of Anticipation. 
Coroll. (4.) From whence, fince the true Dia- 
to neter of the Moon is to that of the Earth, as 5 
a-W to 18, or as 1 to 3165; the Maſs of the Moon 
re, ¶ will be to that of the Earth, as the Cubes of thoſe 
hat WW Numbers, compounded with the Proportion of 
pe · ¶ Denſity, or as 1x5 to 49 & 4; that is, as I to 40, 
Ir0- ¶ very near. 
an Coroll, (f.) The Accelerating Gravity, or the 
Weight of equal Bodies on the Surface of the 
Moon, will be as the Quantity of Matter in the 
up- Moon, to the Quantity of Matter in the Earth, 
ae wich the Reciprocal Duplicate Proportion of the 
Diftance from the Centers compounded ; that is, 
351% 13 is to 40 & I, or near a third Part of the 


for Accelerating Gravity on the Surface of the Earth, 
Dj 23 we noted formerly by way of Anticipation. 

ate f CI. The Figure of the Body of the Moon 
ally N ( abſtracting from the Elevation of the Equa- 
rect toreal, and the Depreflion of the Polar Parts, 
1 depending upon the Diurnal Motion,) is ſome- 


thing Oval, or that of an Oblong Spheroid; 
the greateft Axis whereof produced, paſſeth thro 
the Center of the Earth; and exceeds the Leſſer 
Axes Perpendicular to the ſame by the Exceſs of 
about 187 Feet. If then the Body of the Moon 
were Fluid like our Sea, the. Force of che * to 

„5 ioilg.. 1 ele rate 


380 Mathematical Philoſophy; 


up that Fluid in the hither and oppoſite Parts, 
would be to the Force of the Moon upon our Sea, 
as the attracting Force of the Earth is to that of MW 
the Moon; Or as the Quantity of Matter in the p 
Earth is to that in the Moon, by reaſon of the 
equal Diftances ; if the Leſſer Diameter of the 
Moon did not change that Proportion. That h. 
whole Force therefore from the Compoſition of an 
thoſe Proportions, will be in a Proportion com- A; 
unded of 40 to 1, and 1 to 3065; or as 40x1 po 
is to 1X 165; that is, as 40 is to 3165. From 
From whence, ſince by what was before demon- | 
trated, our Sea is lifted up about 9 Feet by the pa. 
Force of the Moon, the Lunar Fluid ought to be Pl 
lifted up about 93 Feet by the Force of the Earth. MW wi; 
And for this Cauſe the Moon is of a Spheroidal W Ta 
Figure; the greater Axis whereof being produced, the 
would paſs thro” the Center of the Earth, and ex- 
ceed the Diameters or Perpendicular Axes by 2 N 
bout 187 Feet. | 


Corollary, And from thence perchance it is, 
that the ſame Face of the Moon is turn'd more 
directly to the Earth than otherwiſe it would be. 
For the Moon cannot Reſt in another Situation, 
but by Librating to and fro, will always return to 
this Situation. Nevertheleſs, the Librations, by rea- 
ſon of the Smallneſs of the Force in ſuch a ſmall 
Exceſs of the Greater Axis above the Leſſer ones, 
will be exceeding Slow ; ſo that the Face which 
ought always to look to the Earth, may look 
to the Other Focus of the Lunar Orbit, by rea- 
ſon of the Equability of the Angular Motion 2. 
bout it, as was explain'd before, and not preſent!y 
be drawn back from thence and turned to the 


Earth, | 


cin. Co- 
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5, 
A, CHI. Comets are higher than the Moon; 
of ind are moved in the Region bf the Primary 


— Planets. 

e 1 ä 

ne M CIV. Comets are mov'd in Conic Sections, 
at having their Focus in the Center of the Sun; 
of and by Rays drawn to the Sun, deſcribe equal = 
n- Area's in equal Times, and in general Area's pro- 

portional to the Times. e 


Ns CV. The Bodies of Comets ate Solid, Com- 
he I pact, Fixed, and Durable, like the Bodies of the 
be Wl Planets ; and they are commonly encompaſs'd 
th. with huge Atmoſpheres ; and do always acquire 
dal Tails from their Neighboarhood'to the Sun; but 
ed, Wl theſe ſomerirhes longer, and ſometimes ſhorter, 


„ Theſe Propoſitions contain our famous Au- 
_ Cometography, ſo far as concerns our pro- 
ent ee ol 


ore Now tlie "ate propounded ſo clearly and fully N 
be. by our Author himſelf, thar-they in no wiſe need 
our Explication. Wherefore what follows, we 
ſhall take Worfl for Word out of him. Be 
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24 n t yt the 
$YLHAT Coipers nes higher than the 
r een, and ſhew chemlelves co us in be 
the Region of the Planets. che 

ee. 


Woke As the Wam of a Diurnal Parallax the 
hath ,raiſed Comets above 8 Med N Regi- WLin 
ons, ſo their Deſcent igto the Planetary Regions, Hand 
is argued from their Annual Parallax, For thoſe Wind 


| ene 


FOX hem and 
nary, or Retro- 


more 


Mathematical Philoſophy. 383 
more flowly, the Motion of the Comet (that 
of the Earth being ſubſtracted) becomes at leaſt 

* ſower. And if the Earth becarried to the con- 
rary Part, the Comet from thence appears 
 Eſvifrer. Now from this Acceleration, or Retar- 
dation, or Retrograde Motion, the Diſtance of 
me Camet is thus Collected. | 
the MW In Fig. 3. Plate 9. let YQA, YQB, YQ 
in de Three obſery'd Longitudes of the Comet about 
the Time of the Beginning of its Motion; and 
Wit QF be the Longitude laft obſery'd, when 
lar the Comet begins to diſappear. Let the Right 
gi- Line ABC be drawn, the Parts whereof A B, 
ns, and BC, which lie betwixt the Right Lines QA, 
ole Mind QB, QB, and QC, are one to the other, 
dec zs the Times betwixe the Three firſt Obſervations, 
Let AC be produc'd to G, that A G may be to 
or MAB, as the Time betwixt the firſt Obſervation 
ene Wand the laſt, is to the Time betwixt the firſt Ob- 
nb ferration and the ſecond ; and let QG be join d. 
on- NNow if the Comet were mov'd uniformly in a 
che Ngight Line, and the Earth either reſted or went 
ver forward uniformly in à Right Line, the Angle 
QC would be the Longitude of the Comet at 


ro- Ihe Time of the laſt Obſervation ; the le 
ide r Q G therefore, which is the Difference of 
the NTLongitudes, ariſes from the Inequality of the Mo» 


tions of the Comet and the Earth. But this 
ngte, if the Earth and the Comet be moved to 
ontrary Parts, is added to the Angle A Q, and 
0 renders the apparent Motion a Comet 
wifrer; but if the Comer goes to the ſame Part 
ith the Earth, it is ſubſtracted from the ſame, 
Ind renders the Motion of the Comet either 
lower, or perhaps Retrograde, as was ſaid a- 


þ Oye, a — * | | 
This 
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This Angle therefore ariſes chiefly from th tl 
Motion of the Earth, and. is juſtly to be rec: 23 
koned for the Parallax of the Comet: ſome In. Wl ci 
treaſe or Decreaſe of it, to wit, which may ariſe I th 
from the Comet's uneven Motion in its own Orb, ¶ ti 
being here neglected. But the Diftance of the it 
Comet is thus Collected from the Parallax, ch. 
In Fig. 4. Plate 9. let S repreſent the Sun, a:TM 
the Orbe Magnum, a the Place of the Earth in the an 
Erſt Obſervation, c the Place of the Earth ini the Ml the 
-cond Obſervation, T the Place thereof in the ¶ anc 
laſt Obſervation, and T Y a Right Line drawn MW * 
towards the Beginning of - Aries. Let the Angle the 
0 TV be taken equal to the Angle QE; that Ce 
is, equal to the Longitude of the Comet when 2nd 
the Earth is in T. Let 84+ be join'd, and drawu in 
out to g, that ag may be to ac, as AG is to Ad. 
and g will be the Place which the Earth would 
reach unto at the Time of the laſt Obſervation, 
its Motion being continued uniformly in tbe 
Right Line ac ; and therefore if g Y be drawn 
Parallel to T Y, and the Angle Y g V be tuben 
equal toYQG, this Angle Vg V will be equal 
to the Longitude of the Comet ſeen from the 
Place g, and the Angle TV will be the Pam. 
tax which ariſeth from the Transferring of the 
Earth out of the Place g into the Place T; and 
conſequently V will be the Place of the Comet 
in the Plane of the Ecliptic. Now this Place V 
wont to be below the Orb of Jupite. 
The ſame Thing is Collected from the Curl 
ture of the Way of Comets. Theſe Bodies g0 
forward almoſt in great Circles, ſo long : 
they are mov'd more ſwiftly ; but in the Ende 
their Courſe; when that Part of the apparent 
Motion which ariſeth from the Parallax bears 
greater Proportion to the whole apparent * 


# 
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kt they are wont to decline from theſe Circles; and 
„zs oft as the Earth is mov'd to one Part, to be car- 
In- tried to the contrary. This Deflexion ariſes from 
wiſe the Parallax, becauſe that it anſwers to the Mo- 
tion of the Earth; and the notable Quantity of 
the it hath by my Computation placed Comets when 
they diſappear far enough below the Orb of Fupi- 
ter. From whence.ic follows, that in their Perigees 
and Perihelia, at which Times they are nearer, 
they deſcend oftentimes below the Orbs of Mars 
and the inferior Planets. 8 ** 
The Nearneſs of Comets rang from 
the Light of their Heads. Fof the Splendor of a 
Celeſtial Body which is illuminated by the Sun, 
and goes off into far diſtant Regions, is diminiſh'd 
in the Quadruplicate Proportion of the Diſtance; 
ie, in one Duplicate Proportion, by reaſon of 
the increaſe of the Diſtance from the Sun; and 
alſo in another Duplicate Proportion, by reaſon of 
the Diminution of che apparent Diameter. Ftom 
whence, if both, the Quantity ot. Light, and the 
parent Diameter of the Comet be given, the 
Diſtance alſo will be given, by ſaying that the 
Diſtance is to the Diſtance of a Planet in the en- 
tice Proportion , of Diameter to Diameter direct- 
ly, and in the ſubduplicate Propqttion of Light to 
Light inverſy. Thus the leaſt Diameter of the 
apillitium of the Comet of the Year 1682, being 
dbſerv'd by the Famous Mr. Hamſteed thro a Te- 
leſcope of 16. Feet, and meaſur'd by a Micro- 
meter, was 25%, But the Nucleas, or Star it ſelf, 
ad ſcarce the .xoch Part of this Breadth, as be- 
ng only 1x or. 12“ over. But in the Light and 
earneſs of the Head, it exceeded the Head of 
he Comet of 1680, and even came near to Stars 
of the firſt and ſecond Magnitude. Let us ſuppoſe 
darn with his Ring 7. be about 4 Times brighter 
f C c 
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plainly leſs than Jupiter; and ſometimes was judg 


386 Mathematical Philoſopby. 


than that Star; and becauſe the Light of the Ring 


doth almoſt equal the Light of the Intermediate Ml t 
Globe, and the apparent Diamerer of the Globe b 
is about 21”; and conſequently the Light of the IM *! 
Ring and Globe together doth almoſt equal the Il 2: 
Light of a Globe, the Diameter whereof is 30”; Nd 
the Diſtance of the Comet will be to the Di- ne 
ſtance of Saturn, as 1 to VA inverſly, and 12" to m 

o“ directly; i. e. as 24 to 30, or 4 to 5. Again, ret 
the Comet of the Year 1665, in the Month of ble 
April, as Hevelizs writes, did in Clearneſs exceed MS 
almoſt all the Fixed Stars; yea, and Saturn it ſelf 
in regard of the Colour, which was far more 
lively.. For the Comet was more lucid than that 
other which had appear'd in the End of the fore- 
going Year, and was to be compared with Stars 
of the firſt Magnitude. The Breadth of the C- 
pillitium was about 6'; but the Nucleus, as compared 
with che Planets, by means of a Teleſcope, was 


ed to be leſs than the intermediate Body of 8. 
turn, ſometimes equal thereto. Moreover, ſeeing 
the Diameter of the Capillitium of Comets doth 
ſeldom exceed 8' or 12”, and the Diameter of the 
Nucleus or Central Star is about a roth, or perhaps 
a 15th Part of the Diameter of the Capillitim 
It is manifeſt that theſe Stars are for the moſt part 
of the ſame apparent Magnitude with the Planets 
From whence, ſince their Light may oftentimes 
be compar'd with that of Saturn, and ſometimes 
doth exceed it; It is manifeſt all the Comets in 
their Perihelia are placed either beneath &. 
turn, or not far above it. They are widely mi- 
ſtaken therefore, who Remove theſe Stars int en 
the Region of the Fixed Stars; where certainly 
they could no more be Illuminated by our Sus, 
than the Planets which are here, are Illuminar0F"* | 
by the Fixed Stars. We 
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We have, whilſt we have been Reaſoning hi- 
ate Ml therro, not conſidered the Obſcuration of Comets 
ode by that very copious and groſs Fume, wherewith 
the Wl the Head is encompals'd, which always ſhines 
the N through a Cloud. For the more obſcure 
„che Body is rendred by this Fume, ſo much the 
hearer ic muſt needs approach to the Sun, that it 
5% may equal the Planets in the Plenty of Light 
ain, reflected from it. From thence it ſeems proba- 
ble, that Comets deſcend far below the Sphere o 
ee Saturn, as we have prov'd from their Parallax. 
ſelf But the ſame Thing is eſpecially confirm'd from 
yore their Tails. Theſe ariſe either from the Reflexion 
of the Fume diſpers'd through the Ether, or from 
the Light of the Head. In the former Caſe the 
Diſtance of the Comets is to be diminiſh'd, left 
the Fume which always ariſech from the Head, 
iould be propagated with an incredible Velocity 
and Expanſion through too large Spaces. In the 
latter all the Light, as well of the Tail as of che 
apillitium, is to be referr'd to the Nuclew of the 
ead, Therefore if we imagine all this Light 
nthered together within the Diſque of the Na- 
leus, the Nucleus would now certainly, as often 
s ic ſends forth a very great and ſhining Tail, 
nuch exceed Jupiter it ſelf in Splendor. Since 
herefore it emits more Light, notwithſtanding 
hat it hatch a much leſs Diameter, it muft be 
nuch more Illuminated by the Sun, and conſe- 
Juencly much nearer ro the Sun. Moreover, the 
eads which lie hid under the Sun, and do ar 
dat Time put forth very great and reſplendent 
ails, like Beams of Fire, as ſometimes hath 
ten ſeen, ought by the ſame Argument to be pla- 
ed beneath the Sphere of Yenus, For all that 
ight, if it be ſuppos'd to be gathered together 
Ito the Star, would ſometimes exceed Venus it 
Ce 2 ſelf, 
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ſelf, that I may not ſay many Venus in Splen. 


dor. . out 
Laſtly, The ſame Thing is gathered from the Sp! 


Increaſe of the Light of the Head in the RecelMthe' 


of Comets from the Earth towards the Sun, andi born 
Decreaſe of the ſame in their Receſs from the 0% 
Sun towards the Earth. For the latter Comet ofthe 
1665, (as Hevelius obſerv'd) from what Time ion 
begun to be ſeen; remicted always of its Motion Mits \ 
and conſequently had paſs'd the Perigee ; bu Cle: 
the Splendor of the Head daily increas'd, until th in 
Comet, cover'd with the Solar Rays, ceaſed to apWPece 
pear. The Comet of Year 1683, as the ſam een 


Hevelius obſerv'd, in the End of the Month JuWianc 
I, when it was firſt ſeen, mov'd very flowlyMt tt 
making about 40“ or 45' every Day in its Or ere 


From that Time its Motion was continually i 
creas d until Septemb. 4. at which Time it aroſe u eſs c 
about 5 Degrees. In this whole Time therefo hic 
it approach'd to the Earth. Which is alſo collectei n 
from the Diameter of the Head, meaſur'd by e P: 
Micrometer : which Hewelius found Aug. 6. to M/ 
only 6“ 5”, the Hair included; whereas Sept. ppes 
it was 9.7”. The Head therefore, in the Begin 35 
ing of its Motion, appear'd far leſs than in len 
End; but nevertheleſs in the Beginning, in *. 
Neighbourhood of the Sun, it was much brighte 
than about the End, as Hewelius relates. ThereW1ual 
fore in all this Time, by reaſon of its Departuſ n th: 
from the Sun, it decreas'd as to Light, notwithgſ”> ve 
{ſtanding its Acceſs towards the Earth, es fre 

The Comet of the Year 1618, about the Mie P. 
dle of December; and that of 1680, about the E oſt © 
of the ſame Month, mov'd moſt ſwiftly; at 


conſ-quencly they were then in their Periges iet 
But the greateſt Splendor of the Heads happens the 
almoſt a Fortnight before, when they had juſt ge right 
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out of the Rays of the Sun ; and the greateſt 
Splendor of the Tails was a little before, when 
they were nearer to the Sun. The Head of the 
ſormer Comet, according to the Obſervation of 
Cyſatus, Decemb. x. ſeem'd greater than a Star of 
the firſt Magnitude ; and Decemb. 16. ( ir being 
now in its Perigee, ) ic had fallen off a little in 
ics Magnitude, but very much in its Splendor or 
Clearneſs of Light. Fan. 7. Kepler being uncer- 
un of the Head, made an End of Obſerving. 
December 12. the Head of the latter Comet was 
een and obſerv'd by Mr. Flamfecd, in the Di- 
ſtance of 9 Degrees from the Sun; which a Star 
f the za Magnitude ſcarce could have been. 
Decemb. 15. and 17. the ſame appear'd as a Star of 
he z Magnitude, being at the ſame time rendred 
eſs conſpicuous by the Brightneſs of the Clouds 
hich were about the Sun ſeteing. Decemb. 26. It 
ng mov'd very ſwiftly, and being then almoſt in 
ts Perigee, it was leſs than the Star call'd Os 
gaſi, one of the third Magnitude. Fan. 3. It 
ppear'd as a Star of the fourth Magnitude. Jan. 
„as one of the pth. Fan. 13. by reaſon of the 
plendor of the Moon increaſing, it diſappear'd. 
fan. 25. It ſcarce equall'd a Star of the ſe- 
enth Magnitude. According to this, if we take 
qual Times from the Perigee on this Side and 
n that, the Head, which, being placed in Regi- 
ns very remote, ought, by reaſon of equal Diſtan- 
es from the Earth, to have ſhone equally; did on 
e Part hetwixt the Perigee and the Sun, ſhine 
oft of all, on the other Parc vaniſh'd out of 
ght. Therefore from the great Difference of 
ight in theſe two Situations, the great Vicinity 
the Comet to the Sun, in the former Situation, 
tightly concluded. For the Light of Comets is 
ont to be regular, and to appear the greateſt of. 
Ce 3 all, 
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all, when the Heads are moved moſt ſwiftly, and 
conſequently are in their Perigees ; only ſo far 
as it becomes greater in the Neighbourhood of 
the Sun, D 

Coroll. (x.) Comets therefore ſhine by the Re. 
flexion of the Light of the Sun. 

Coroll. (2.) We may gather from what hath been 
ſaid, why Comets do ſo much frequent the 
Region of the Sun. If they were ſeen in Regi. 
ons far beyond Saturn, they ought always to ap- 
pear in the oppoſite Part to the Sun. For thoſe 
which were in this Part would be nearer to the 
Earth, and the Sun by its Interpoſition would ob- 


ſecure the reſt. But in running over the Hiſtories of 


Comets, I have found that four or five Times more 
have been diſcover'd in the Hemiſphere that i 
towards the Sun, than in the Oppoſite, beſides o. 
thers, no doubt not a few, which the Light of the 
Sun hath wholly hidden. The Thing is this; In their 
Deſcent to our Regions, they neither ſend forth 
Tails, nor are fo illuſtrated by the Sun as to be 
ſeen by the naked Eye, until they have deſcended 
beneath Fupiter. Now the far greater Part of the 
Space deſcribed in ſo ſmall an Interval about ths 
Sun, is on that ſide of the Earth which looks tt 
the Sun; and in that greater Part theſe Stars, à 
being then, for the moſt Part, nearer to the Sur 

are wont to be enlightned. 

Coroll. (3.) From hence it is manifeſt that th 
Heavens are deſtitute of Reſiſtance. For Comes 
taking oblique Ways, and ſometimes contrary u 
the Courſe of the Planets, are mov'd every Wa 
moſt freely, and hold their Motions for a lon 
time, contrary to the Courſe of the Planets. | 
2 miſtaken, if they be not a kind of Planets ; au 
which being in perpetual Motion, return in 
Round. For whereas ſome Writers will have he 
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to be Meteors,taking their Argument from the per- 

tual Changes of the Heads of them, This ſeems 
to want all Foundation. Their Heads are encom- 
paſs'd with huge Atmoſpheres, and the Atmoſ- 
pheres ought to be more denſe beneath. From 
whence it comes to paſs, that it is not the Bodies 
themſelves of the Comets, but Clouds about them, 
which thoſe Mutations are ſeen in. Thus, if the 
Earth were ſeen from the Planets, it would ſhine 
without doubt by the Light of its Clouds, and 
the firm Body would almoſt lie hid under thoſe 
Clouds. Thus the Girdles of Fupiter, which are 
form'd in the Clouds of that Planer, change their 
Situation amongſt themſelves; fo that the firm 
Body of Jupiter is difficultly difcern'd thro' thoſe 
Clouds. And much more ought the Bodies of 
Comets to be hid under their Atmoſpheres, which 
are both more deep and more craſſe. 

Now to him that Revolves in his Mind the 
Orb of the Comet of 1680, and 1687, and 
the reſt of the Phænomena it will be eaſi- 
ly manifeſt, that the Bodies of Comets are Solid, 
CompaR, Firm and Durable, like the Bodies of 
the Planets. For if they were nothing elſe than 
Vapours or Exhalations of the Sun, Earth and 
Planets, this Comet ought in its Tranſit through 
the Neighbourhood of the Sun to have been im- 
mediately diſſipated. For the Heat of the Sun is 
as the Denſity of the Rays; that is, reciprocally, 
as the Square of the Diſtance from the Sun. And 
therefore, ſince the Diſtance of the Comet from 
the Sun, Decemb. 8. at which Time it was in its 
Perihelion, was to the Diſtance of the Earth from 
the Sun, as 6 to 1000, or thereabouts ; the Heat of 
the Sun upon the Comet at that time was to the 
Heat of the Summer-Sun with us, as 1,000,000 is 
to 36: or as 28,200 is to r. But the Heat of boiling 

Ce 4 Water 
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Water is about three times greater than that Heat 
which the dry Earth conceives from the Summer. 
Sun, as I have try'd myſelf; and the Heat of Red- 
hot Iron (if I gueſs right) is about three or four 
times greater than the Heat of boiling Water; 
and conſequently the Heat which the dry Earth 
in the Comet contracted from the Rays of the 
Sun when it was in its Perihelion, might be about 
2000 times greater than that of Red-hot Iren. 
Now by ſo great an Heat as this, Vapours and 
Exhalations, and all Volatile Matter muſt have MW th 
been preſently conſum'd and diſſipated. | of 
| The Comet therefore, in its Perihelion, con- Ml of 

tracted an immenſe Heat from the Sun, and would Li 
hold that Heat for a very long time. For a Globe the 
of Red-hot Iron of one Inch Diameter, would or 
ſcarce loſe all its Heat in one Hour's Space, if it the 
were expos d to the open Air. But a greater MW op; 
Globe would keep its Heat longer, and this in MW thc 
the proportion. of its Diameter; becauſe the led, 
Surface (according to which it is cooFd by the inte 
Contact of the Ambient Air) is in that Pro- the 
portion leſs, if compar'd with the quantity of MW of 
the hot Matter included. And therefore a Globe I ſeq 
of Red-hot Iron, of the Bigneſs of this Earth, i.. 
of 40,000,000 Feet Diameter, would ſcarce be 
wholly cool'd in ſo many Days, or 50,000 Years. 
I ſuſpe& nevertheleſs, that the Continuance of 
Heat, by reaſon of latent Cauſes, is increas'd in 
leſs Proportion than that of the Diameter; and 
wiſh that the true Proportion were ſearched out 
by Experiments. 

Furthermore, it is to be noted, that the Comet 
in the Month of December, when it was fo heated 
by the Sun, ſent forth a Tail far greater, 
and more reſplendent than it had done before in 
November, when it had not yet reached - It 

eri 


Sun, 
nion 
MT 
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Perihelion. And in general, all the Tails which 
exceed in Magnitude and Brightneſs are then ſeen, 
when the Star hath lately paſs'd through the Re- 
gion of the Sun. The Heating therefore of the 
Comet conduceth to the Magnitude of the Tail. 
And from thence I am apt to conclude, that the 
Tail is nothing elſe but a moſt thin Vapour, which 
the Head or Nucleus of the Comet emits through 
its Heat, | F 

Now there is a threefold Opinion concerning 
the Tails of Comets; that they are either the Beams 
of the Sun propagated thro the Tranſlucid Bodies 
of thoſe Stars; or ariſe from the Refraction of the 
Light in the Progreſs thereof, from the Head of 
the Comet to the Earth; or, laſtly, are a Cloud 
or Vapour ariſing continually from the Head of 
the Comet, and which is turn'd off to the Part 
oppoſite to the Sun. The firſt is the Opinion of 
thoſe who are not yet inſtructed in the Know- 
ledge of Optics. For the Beams of the Sun, let 
into a dark Chamber, are not ſeen there, any fur- 
ther than the Light is reflected from the Particles 
of Duſt and Fumes floating in the Air; and con- 
ſequently are much more bright in the Air when 
ſtuffed with groſs Fumes, and ſtrike the Senſe 
more forcibly ; in a thinner Air are leſs perceiv'd, 
and in the Heavens, where there is no reflecting 
Matter, are not to be perceiv'd at all. Light is 
not ſeen as it is in the Beam, but as ic is from 
thence reflected to our Eyes. For Sight is only 
by Rays which fall upon the Eyes. Some reflect- 
ing Matter therefore is requir'd in that Part of 
Heaven which the Tail takes up; Otherwiſe the 
whole Heaven itſelf, which is illuminated by the 
dun, would ſhine uniformly. The Second Opi- 
nion is urged with many Difficulties. The Tails 
ate never varied with Colours, which yet are in- 

| | ſeparable 
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ſeparable Concomitants of Refractions. The Light 
of the Fixed Stars and Planets, which is diſtin&l 
tranſmitted to us, ſhews that che Celeſtial Medium 
is without any refractive Force. For as for what i 
ſaid, that the Fixed Stars have ſometimes been ſeen 
with bright Streams by the Egyptians; this,becauſeit 
is a thing which happens very ſeldom, is to be:. 
ſcribed to the accidental Refraction of the Clouds. 
The Radiation alſo, and twinkling of the Fixed 
Stars, is to be referr'd to Refractions both in the 
Eyes and the tremulous Air ; becauſe, when they 
are ſeen through a Teleſcope, it vaniſheth away, 
By the Tremor of the Air, and aſcending Va. 
pours it comes to pals that the Rays are eaſily 
turn'd off by Turns from. the narrow Space of the 
Pupil of the Eye; but from the wider Aperture 
of the Object Glaſs never. From hence it is, 
that in the former Caſe a twinkling is produc'd, 
but in the latter none at all; and the Abſence of 
it in the latter Caſe demonſtrates the regular 
Tranſmiſſion of Light through the Heavens, with- 
out any ſenſible Refraction. And if any one 
ſhould fay in this Place, that Tails are not wont to 
be ſeen in the Fixed Stars, only becauſe their Light 
35 weak and feeble ; ſo that their Secondary Rays 
have not Force enough to move the Eyes, that 


. Tails ſhould appear about them; He may take 


notice, that the Light of Fixed Stars may be in- 
creas'd by Teleſcopes above an Hundred Times, 
and yet no Tails are ſecn, The Light of Planets 
alſo is greater than that of Comets, but yet they 
have no Tails; yea, and Comets have the longeſt 
Tails, when the Light of their Heads is weak 
and very obtuſe. For the Comet of 1680, in the 
Month of December, at what time its Head did 
ſcarce equal a Star of the Second Magnitude, ſent 
forth a Tail of notable Splendor unto 40% Jo, 60 


ſcure Light, which could ſcarce be perceiv 
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of. Length, and more. Afterwards, Fan. 
. 28, the Head appear d as a Star of the 
Seventh Magnitude only; but the Tail, which was 
of a dim Light indeed, but ſenſible enough, was 
ſeven or eight Degrees long, and with a =_ ob- 
, it 
was ſtretch'd forth 12 Degrees, and more, as was 
ſaid above. And Febr. 9, and ro, when the Head 
could no longer be ſeen with the naked Eye, I 
ſaw a Tail two Degrees long through a Teleſcope. 
Furthermore, if the Tail proceeded from the Re- 
fraction of Celeſtial Matter, and turn d aſide from 
the Oppoſition to the Sun, according to the Figure 
of the Heavens; that Deflection ought in the ſame 
Regions of Heaven always to be to one Part. But 
the Comet of 1680, Decemb. the 28th. at 81 2 
Clock in the Evening at London, was in X 8 deg. 
41', with a Northern Latitude 28 deg. 6' ; the Sun 
being in VS 18 deg, 26'. And the Comet of the 
Year 1557, Decemb. 29, was in * 8 deg. 41'. with 
Northern Latitude 28 deg. 40; the Sun alſo be- 
ing in vs about 189. 26. In both Caſes, the Earth 
was in the ſame Place, and the Comet appear'd 
in the ſame Part of Heaven ; yet notwithſtanding 
in the former Caſe (by mine own and others 
Obſervations) the Tail of the Comet declin d with 
an Angle of 43 Degrees from Oppoſition to the 
Sun towards the North; whereas in the latter (ac- 
cording to Tycho's Obſervation ) the Declination 
was 21 Degrees towards the South, The Refracti- 
on therefore of the Heavens being taken away, 
it remains that the Phænomena of the Tails are 
deriv'd from ſome reflecting Matter. 
Now that the Tails do proceed from the Heads, 
and do aſcend towards the Region oppoſite to 
the Sun, is confirm'd from the Laws which chey 


obſerve. As that lying in the Plains of the ow 
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of the Comets paſling through the Sun, they de; 
cline from Oppoſition to the Sun, always unto 
that Part which the Heads going forward in thoſe 
Orbs do leave behind chem. That they appear 
to the Spectator when placed in theſe Plains, 
turn'd away directly from the Sun; but the Spe- 
ctator going aſide from theſe Plains, the Devia- 
tion is perceiv'd by degrees, and grows every Day 
greater. That the Deviation, cæteris paribus, is leſs 
when the Tail is more oblique to the Orb of the 
Comet, as alſo when the Head of the Comet ap- 
proacheth nearer to the Sun; eſpecially if the 
Angle of Deviation be taken at the Head of the 
Comet. Beſides, that the Tails which deviate 
not, are ſtraight ; but thoſe which do, are bowed. 
That the Curvature is greater, where the Devia- 
tion is greater, and more ſenſible when the Tau, 
cæteris paribus, is longer; for in ſhort Ones the Cur- 
vgture is hardly perceiv'd. That the Angle of 
Deviation is leſs at the Head of the Comet, greater 
at the other End of the Tail ; and conſequently, 
that the Tail on its Convex- ſide looks to that Part 
from which the Declination is, and which is in 2 
Right Line drawn from the Sun through the Head 
of the Comet in infinitum. And that the Tails 
which are longer and broader, and ſhine with a 
more lively Light, are upon their Convex ſides 
| ſomething more ſplendid, and bounded on the 
Concave-ſide with a Limit not very diſtinct. 
The Phznomena therefore of the Tail de- 
pend upon the Motion of the Head, and not up- 
on that Region of Heaven in which the Head is 
ſeen ; and therefore are not made by a Refraction 
of the Heavens, but ariſe from the Head, which 
affords Reflecting Matter. For as in our Air the 
Smoke of a Body ſet on Fire aſcends upwards, 


and that either Perpendicularly if the Body _ 
eth; 
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eth; or Obliquely, if it be mov'd to one Side: So 
in the Heavens, where Bodies gravitate to the Sun, 
the Fumes and Vapours ought to aſcend from the 
sun (as hath been already faid) and this in a 
Right Line if the Body reſts, but Obliquely, if 
the Body be mov'd, and in going forwards al- 
ways forſakes the Places from which the upper 
Parts of the Vapour had aſcended. And that Ob- 
liquity will be leſs, where the Aſcent of the Va- 
pour is more quick ; as in the Neighbourhood 
of the Sun, and near to the Surface of the 
ſmoking Body. Now from the Diverſity of the 
Obliquity, the Column of the Vapour will be 
bowed. And becauſe the Vapour on that ſide of 
the Column which goes before is ſomerhing more 
freſh, for this Reaſon it will be ſomething more 
Denſe in the ſame Place, and will therefore re- 
flet Light more copiouſly, and be bounded with 
more diſtin Limit. As to the ſudden and uncer- 
tain Agitations of their Tails, and of the irregu- 
lar Figures of the ſame, which ſome deſcribe, I 
add nothing here; becauſe they either ariſe from 
the Mutations that are in our Air, and the Mo- 
tions of the Clouds which do in ſome part obſcure 
the Tail; or perchance from Parts of the Via 
Lattea,which may ſeem united with the Tails that 
paſs by them, and taken to be Parts of them. 
Now that Vapours which ſuffice to fill ſuch 
vaſt Spaces may ariſe from the Atmoſpheres of 
Comets, will be underſtood from the Rarity of 
our Air, For the Air, near to the Surface of the 
Air, poſſeſſes 850 Times more Space than a Quan- 
tity of Water of the ſame Weight ; and therefore 
a Cylindrical Column of Air 850 Feet high, is of 
the ſame Weight with a Column of Water of the 
ſame Breadth, which is only one Foot high. Bur 
a Column 
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a Column of Air ariſing to the Top of the At. 
moſphere, doth equal in its Weight a Column of 
Water, which is about 33 Foot high: and there. 
fore if the inferior Part of the whole airy Column 
be taken away, which is of the Heighth of 890 
Feet, the upper remaining Part will be equal in 
its Weight to a Column of Water of 32 Feet 
high. But from thence (according to the Hy. 
potheſis which hath been confirm'd by many Ex. 
periments, namely, that the Compreflion of the 
Air is as the Weight of the Atmoſphere which lies 
upon it, and that Gravity is reciprocally, as the 
Square of the Diſtance from the Center of the 
Earth) by making Computation according to 
Coroll. Prop. XXII. Book II. I found that Air, 
at the Heighth of a Semi-diameter of the Earth, 
from the Surface of the ſame, is rarer than it is 
with us in a Proportion far greater than is that of 
all the Space beneath the Orb of Saturn to à Globe 
of one Inch Diameter. And therefore à Globe 
of our Air of one Inch Diameter in that Rarity, 
which it would have in the Heigbth of a Semi- 
diameter of the Earth, would fill all the Regions 
of the Planets unto the Sphere of Saturn, and much 
farther. Therefore ſince Air, which is yet higher, 
grows more rare infinitely ; and the Armoſphere 
of a Comet, in aſcending from its Center, is a- 
bout ten times higher than the Surface of the Nu- 
cleus, and when the Tail doth aſcend yet higher, 
the Tail ought to be rare in the higheſt degree. 
And altho' by reaſon of the more groſs Atmoſ- 
ere of Comets, and the great Gravication of 
odies towards the Sun; and the Gravitation of 
the Particles of the Air and Vapours towards one 
another; it may come to paſs, that the Air doth 


not grow Rare in ſo great a Degree in the Hea- 
2 yenly 
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enly Spaces and in the Tails of Comets; yet 
it manifeſt from this Computation, that a very 


ere- nal Quantity of Air and Vapours ſufficeth abun- 
mn W.nly to all thoſe 'Phzenomena of the Tails. 
850 Wor the great Rarity of che Tails is alſo collect- 


from the Stars which are viſible through them. 
he Atmoſphere of the Earth ſhining with the 
ight of the Sun, doch by ics Crafficude, which is 
ut for a few Miles, frequently] both obſcure, and 
ren hide all the Stars and rhe Moon itſelf ; bur 
he leaſt Stars are obſerv'd'to be viſible without any 
{etriment of their Clearneſs through the Tails of 

omets, which are of an exceeding great Dept 
and are at the ſame time illuminated with the Light 
of the Sun. Nor is the Splendor of many of their 
ails wont to be greater, than is that of our Air, 
when in a dark Chamber it reflects the Light of 
the Sun in the Form of a Beam, for the Breadth 
of an Inch or two, | 

In what Time the Vapour aſcends from the 
Head to the End of the Tail, may almoſt be 
ni. inown by drawing a Right Line from the End of 
m che Tail to the Sun, and noting the Place where 
ch that Line cuts the Trajectory. For a Vapour in 
7 Iche End of the Tail, if it aſcends ſtraight from 
re che Sun, begun co aſcend from the Head, at what 
i- Time the Head was in the Place of Interſection. 
„ud tho' it doth not afcend ſtraight from the Sun, 
vet by retaining that Morion which the Comet had 
before its Aſcenſion, and ing the fame 
+ with the Motion of its Aſcenſion, it aſcends Ob- 
ir liquely. From whence'the truer Solution of the 
Problem will be, that the Right Line which cuts 
, the Orb, be Parallel to the Length of the Tail; or 
* Wrather (by reaſon of the Curvi-linear Motion of 
e Comet) that the ſame defleR a little from the 
ne of the Tail. 
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By this means I found, that the Vapour which 
was in the End of the Tail; Jan. 25. began to x. 
ſcend from the Head, Decemb. the 11th, and con. 
ſequently had ſpent above 45 Days in its Aſcen- 
fion. But all that Tail which appear'd Dec. 10. 
had aſcended in the Space of thoſe two Day 
which had paſs d from the Time of the Perihelion, 
Therefore the Vapour aſcended moſt ſwiftly in 


the Neighbourhood of the Sun, and afterward; 


went on aſcending with a Motion ſtill retarded 
by its own Gravity; and by its aſcending increas 
the Length of the Tail; but the Tail, ſo long as 
it appear d, conſiſted almoſt all of che Vapour 
which had aſcended from the Time of the Peri. 
helion; and the Vapour which aſcended firſt, 
and compoſed the End: of the Tail, vaniſhed not 
out of ſight before that it ceaſed to appear, by rea- 
ſon of its great Diſtance both from the Sun, which 


illuſtrated it, and from our Eyes. From, whence 


alſo the Tails of other Comets which ate ſhort, 
do not aſcend with a {wift and perpetyal Motion 
from the Heads, and: ſo fireſently -vanjſh away, 
but are permanent Columns of: Vapours, ;propags- 
ted from the Heads with a; very ſloy Motion of 
many Days; which by partaking of that Motion 
of the Heads which they had at the Beginning, 
go on to be mv id throngh the Heavens, togethet 
with the Heads. And front hence it is again col- 
lected, that the Heavenly Spaces are deſtitute of 


- all Force of Reſiſting; ſince not only the Solid 


Bodies of Planets and Comets, but alſo the er- 
ceeding thin and rare Vapours of the Tails of 
Comets do perform their Motions in them moſt 
freely and ſwiftly; and hold the ſame for 2 
very long Time. 1 % 


rag 
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Kepler aſcribes the Aſcent of the Tails from the 
Atmoſpheres of the Head, and their Progreſs to 
the Part oppoſite to the Sun, to the Action of the 
Rays of Light, which carries away with them that 
Matter of which the Tail conſiſts. And it is not 
altogether unreaſonable to think, that a very thin 
Air may give way to the Rays of Light in free 
Spaces ; notwithſtanding that groſs Subſtances 
cannot in our Regions be ſenſibly impell'd or 
mov'd by the Solar Rays. Another is of Opini- 
on, that there may be as well Light as heavy Par- 
ticles of Matter; and that the Matter of the Tails 
are light, and by their Lightneſs aſcend from the 
Sun. But ſince the Gravity in Terreſtrial Bodies 
is as the Matter in thoſe Bodies, and conſequently 
cannot be increas'd or diminiſh'd, the ſame Quan- 
tity of Matrer remaining ; I am prone to think, 
that that Aſcent doth rather ariſe from the Rare- 
faction of the Matter of the Tails. The Smoke 
in a Chimney aſcends by the Impulſe of the Air 
in which it floats. That Air being rarified by the 
Heat, aſcends by reaſon of the Diminution of its 
Specific Gravity, and carries away the Smoke en- 
tangled in it, together with it. What ſhould then 
hinder, but that the Tail of a Comet ſhould aſcend 
in the ſame manner from the Sun ? For the Rays 
of the Sun do not agicate the Mediums through 
which they paſs, but in their Reflection and Re- 
fration. The Reflecting Particles being heated 
by that Action, will heat the Ethereal Air which 
is about them. 


This, by the Heat communicated to it, will 
grow rare; and by reaſon of the Diminution of its 
Specific Gravity, by that INS will aſcend, and. 


carry 
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carry away the Reflecting Particles, of which the 
Tail conſiſts. It conduces alſo: to the Aſcent of 
the Vapours, that they are turn'd about the Sun, 
and by that Action endeavour to Recede from tha 
Sun; whilſt the Atmoſphere of the Sun, and the 
Matter of the Heavens, do either wholly reſt, or 
are turn'd round flowly, only with a Motion, 
which they have receiv'd from the Rotation of 
the Sun. Theſe are the Cauſes of the Aſcent of 
the Tails in the Neighbourhood of the Sun where 
the Orbs are more Curve, and the Comets are 
within the more Denſe, and by that means the 
more heavy Atmoſphere of the Sun. For the 
Tails which ariſe then, will, by keeping their Mo- 
tion, and Gravitating in the mean while towards 
the Sun, be mov'd about the Sun in Ellipſes after 
the manner of the Heads, and by that Motion 
always accompany the Heads, and ſtick to them, 
For the Gravity of Vapours towards the Sun, will 
no more cauſe that the Tails ſhould fall from the 
Heads afterwards towards the Sun, than the 'Gra- 
vity of the Heads can make, that they ſhould fall 
from the Tails. Therefore by their common Gra- MW it 
vity they will either fall together towards the Sun, 
or be retarded together in their Aſcent; and con- 
ſequently that Gravity hinders not, but that the 
Tails and Heads ſhould: moſt eaſily receive, and 
afterwards moſt freely keep any Poſition to one 
another, whatſoever it is, which they may receive 
from the Cauſes which have been mention'd, or 
any other whatever, 
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The Tails therefore which ariſe in the Perihe- 
lia of Comets, will go away with their Heads 
into far diſtant Regions; and after a long Series 


of Years, return with the {ame to us; or rather 
| being 
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being there rarißed, will by little and little vaniſh 
away.” For afterwards, in the” Deſcent of the 
Heads to the Sun; new little ſnört Tails ought t 
be propagated Trom their Heads by a flow Mo- 
tion, And afterwirds'to be Immenſely increas'd 
in the Perihelia of thaſe Comets which de- 
ſcend into the Atmoſphere of the Sun. For the 
Vaponr in thoſe moſt free Spaces is perpetually 
rarified and dilated. By which means it comes to 
paſs, chat the Tzil ö broader” at the upper End, 
chan near the Head of the Comet. Now it ſeems 
reaſonable to think, that the Vapour being by 
that Ra efation/ perpetually dilated, is diſperſed 
at length rough che whole Heaven, and is by 
little and little drawn unto the Planets, and ming. 
led with their Atmeſpheres. For like as the Seas 
are altogether re unto the Conſtitution of 
this our Earth; and*this, that Vapours may be 
rais'd fufficiently out of them by the Heat of the 
Sun; which being gither'd together into Clouds 
may fall down in _ „ and water and nourifh a 
the Earth, for the Procreation'of Vegetables; or be- 
ing Condens d in the cold T ops of Mountains, (as 
ſome do reaſonably enough ſuppoſe) runs down 
unto the Heads of Springs and Rivers: So to the 
Preſeryation of Seas'and Rivers in Plariets, Comets 
ſeem neceſſary ; from the Condens'd Vapours and 
Exhalations whereof, what Liquor is (| penc by” 
Vegetation and Corruption, and turn'd into dry 
Earth, is continually ſupplied and renew'd. For 
all Vegetables grow from Liquors or Juices ; and 
then in great Part they paſs by Putrefaction 
into dry Earth, and Mud ariſeth perpetually from 
the putrefied Liquors. Hence the Bulk of d 
Farth is continually increas d; and what is Humid, 


unleſs it be increas'd from elſewhere, ought per- 
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petually to decreaſe, and at length to fail. Yes; 
I ſuſpe& that that Spirit which is the leaſt indeed, 
but the moſt ſubtile and the beſt Portion of our 
Air, and which is requir'd to the Life of all 
things, doth come from Comets eſpecially, . - 


The Atmoſpheres of Comets are in their De- 
ſcene to the Sun diminiſh'd by running out into 
Tails, and ( on that Part certainly which looks 
to. the Sun) become more narrow: And on the 
other hand in their Receſs from the Sun, at which 
time they run leſs out into Tails, they are enlarg d; 
if ſo be Hevelizs hath rightly noted the Phæno- 
menons thereof. But they appear the leaft, when 
their Heads having been juſt now heated at the 
Sun, iſſue forth in great and refulgent Tails.; and 
their Nucleus's are perhaps ſurrounded with a more 
craſſe.and black Fume in the loweſt Parts of their 
Atmoſphere. For all Smoke which is ſtirred up 
by a very great Heat, is wont to be ſo much the 
more craſſe and black. Thus the Head of the 
Comet of which we have been treating, did at 
equal Diſtances from the un and the Earth, ap- 
ar more obſcure after the Perihelion than be- 
ore. For in the Month of December, it was com- 
par'd with Stars of the third Magnitude ; where- 
as in November it equall'd Stars of the firſt and 
ſecond. And they who had ſeen both, deſcribe 
the former Comet as the greater. For November 
the 19th, this Comet, how obtuſe ſoever the Light 
was wherewith it ſhined, did then equal Spice Vir. 
gin, as it appear'd to a Loung man of Cambridge, 
and ſhin'd more clearly than it did afterwards. 
And Mr. Storer, in Letters which fell into my 
Hands, wrote, that the Head of it in December, at 
which time it ſent forth the greateſt and moſt re- 
| fulgent 
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fulgent Tail of all, was ſmall, and in its viſible 
Magnitude, did fall far ſhort of what it appear'd 
before the Riſing of the Sun in November. The 
Reaſon whereof he gueſſed to be this, That the 
Matter of the Comet at the beginning was more 
copious, and was waſted by degrees, 8 
We may here alſo ficly Note, that the Heads of 
other Comets, which have ſent forth moſt great 
and refulgent Tails, are deſcrib'd as being ſome- 
what dim and ſmall, For in the Year 1668, March 5. 
New-Style, at 9 a-Clock in the Evening, the Re- 
rerend Father Valentine Eftance, being then in Bra- 
fie, ſaw a Comet near to the Horizon at the 
South-Weſt, of à very. little Head, and ſcarce to 
be ſeen, but with a Tail exceedingly Refulgent; 
ſo that thoſe who ſtood on the Shore might eaſily | 
ſee the Image of it reflected from the Sea, It 
tad the Appearance of a ſhining Beam, of 
he Length of 23 Degrees, inclining from the 
Meß to the South, and almoſt Parallel to the Ho- 
201. But this great Splendor endur'd only for 
wo Days, and from that time notably decreas d; 
nd in the mean while that the Splendor decreas'd, 
he Tail did increaſe in Magnitude. From whence 
fo it is ſaid to have poffeld in Portugal almoſt a 
th Part of Heaven, t or 45 Degrees) ſtretching _ 
om the'Weft to the Eaſt, with a very great Splen- 
or ; nor did it all appear notwithſtanding,' the 
cad ſtill in theſe Regions lying hid, below the 
orixon. From the Inereaſe of the Tail, and De- 
reaſe of the Splendor it is manifeft , that the' 
ead was receding from the Sun; and was next to 
about the beg g, as it was in the Comet of 
680. And vs rea of a like Comet in the Leas 
lot, or 11063 The Star whereof was ſmall. 
* Dd 1 « and 


406 Mathematical Philoſophy. 


and obſcure (as was that of 680, )-but the 
fe 28 which went forth from 1 Wy 
1 very clear, and 35 it were a great Beam. reach- 

„ ing to the Eaſf and North, as fone bach it, 

cout of Simeon, the Monk of Her Ie nnpIrt 
* in the Beginning of Na about Evening, at 
cc the South-PVe/7.* Rut 2 thence, arid the 
Situation of. 4.4 Tail, it is ſbered, that the 
Head was * to the Sun. 1 is diſtant, ſaich 
« Matthew of Paris, à it from the 
ce Sun, from, the, thi, 5 5 8 lr y the, ſixth 
Hour) until che 0g Pk à long 
© Ray from it , n allo I as that fer 
# Ll were ly FM 5 Book, 
teor 6. © The not. ſeen, the 
& firſt Day, becauſe aki eh 808 before. the 
* Sun, or at. leaſt under t ys of t 2510 
* but the followi D it way cen as 1 
© Situatio allow Fo or it had eft the Sy 0 bi . 
* wich a Diſtance 2s ſrall as might be F 15 he 

O 


© Set By reaſon of the very 10 

wn „ Tail the diſpers'd Fire 

* yet appears ; but afterwards,, er the Head 

52 ie burn s, the Head was reſtor d to its ie i 
pearance. And it extended jts..Splendor; unto 

« a third Part of Heav'n, (4, c. unto 60 DFR, 

5 Now = ; unto the Et 22 We 

cending, unto the Gi it chere 
* Vaniſh'd. 8 8 8 


That Comet © of the Year 45 8257 55 


1 


with a very long Tail out of the Rays 
ſeem d to equal, if not 1 8 80 0. 
Magnitude; bur there have Kane Co- 
mets appear d, which have ha ad ra Tails Some 
of them are related to have bean. equal to Tpi 
Others to Venys, Or ie. to the Moog. F * 
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the I faid before, that Comets are a kind of Pla- 
ws WH nets, Revolving in very eccentric Orbits about 
ch. che Sun. And like as amongſt the Planets, 
it, WW which have no Tails, thoſe are wont to be leſs 
1rd WM which are revolv'd in leſſer Orbits, and nearer to 
„uche Sun; ſo likewiſe is it reaſonable to think, that 
che W the Comets, which in their Perihelia approach 
the W nearer to the Sun, are for the moſt Part leffer, and 
ich are Revolv'd in leſſer Orbits. But as for the Tranſ> 
the Wl vecſe Diameters of their Orbits, and their Perio- 
xth WM dical Times, we leave theſe Things to be deter- 
ong min d from the Compariſon of Comets, returning 
ery Wl in the ſame Orbits alter long Intervals of Time. 
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AG ÞS Aving finiſh'd the anion of Sir 
H Iſaac Newton's Philoſophy, we will 
H no endeavour to Explain Dr. Halli 
Nen Cometography, which is built upon 
that Philoſophy. And tho* this Work 
of Dr. Halley's be an excellent Piece, yet is it 
ſomething too ſuccin& and obſcure, as being on- 
ly preparatory to a greater Work intended ; and 
indeed is no-where elſe repreſented plain enough 
for Beginners: My Purpoſe therefore is to give 
you the whole in the Author's own Words ; but 
fo, that I intend to improve it all along, and il. 
luſtrate it with a Commentary. The Hliftorica 
| Preface, which is prefix'd to the ſame, needs no 
Explication: However, I ſhall not think much 
to tranſcribe it, that no Part of this excellent 
Work may be wanting in this Place. 
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s 2 HR Aneient Egyption and Chaldeens (if 
N may credit; Diodarws Siculas) by 2 
Ae Foes Courſe of Obſervations, were 


aid to be able to predict the Appari- 
tions of Comets. But ſince they are 

alſo ſaid, by the — of che ſame Arts, have 
prognoſticated Earthquakes and Tempeſts; tis 
paſt all doubt, that their Knowledge in theſe Mat- 
ters, was the Reſult rather of meer Aſtrological 
Calculation, than of any Aſtronomical Theories 
of the Celeſtial Motions. And the Greeks, who 
were the Conquerors of both thoſe Peoꝶ ſcarce 
found any other Sort of Learning among * 
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than this. So that tis to the Greeks themſelves 3; 
the Inyentors (and eſpecially the great Hipparchw) 
that we owe the Aſtronomy we have, and 
which is nowgimprov'd to ſuch a heighth.” Bu 
yet, amongſt the Greeks, the Opinion of 4rj. 
fotle (who wou'd have Comets to be nothi 
elſe, but Sublunary Vapours, or Airy Meteon 
prevail'd ſo far, that this moſt difficult part of 
the Aſtronomical Science lay altegether neg. 
lected A0 Body thought it worth while to 
take notice of, or write about, the wandfing un- 
certain Motions of what they eſteemed Vapours 
floating in the Ether; whence it came to paſs, 
that nothing certain, concerning the Motion of 
Comets, can be found tranſmitted from them 
to us. 

But Seneca the Philoſopher, . hayi d 
the Phznomena of two remarkable Comets of 
his Time, inade no fcruple to place; them 4- 
mongſt-the Celeſtial Bodies,; believing them to 
Stars of ONE n _ the your — 

e owns their Motions to be govern' wh 
not as then known or found — at ft 

which was no untrue or vain Prediction) he 

tetells, that there ſhould de Ages Jomge 
hereafter, 'to whom Time and Ditigetge 905 
unfold all theſe MyReries, and wid ſhot'd 
wonder how twas poſſible the Ancients cu⁴’d he 
7gnorant of them, after. ſome a l 
tet of Natüré Had fhewn, in what Parts of 
Heaven i th Comet: wander d, what ſort f Bes 
and how Artat they were. Let almoſt all che 
ftronomers/ differ d from this Opinion of Senn 
neither did Scnecs himſelf think fir to ſer down 
thoſe Phxnomena of the Motion, by which be 
was to maintain his Opinion; nor tht 
Times of *'thoſe . Appearances, which might yr 
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of uſe to Poſterity, in order to the determining 
theſe things. And, indeed, npym the turning 
over very many Hiſ of Comets, I find ng- 
thing at all that can, be of ſervice in this affair, 

before A. D. 1337. at which time Nic berns 
Gregoras, 2 Conſt ant inqpolitun Hiſtorian and Aſtro- 
nomer,; did pretty accurately deſeribe the Path 
of a Comet amongſt, the Fix d Stam, but was 
too lax, as to the Agcount of the Time; ſo that 
this moſt doubtful and uncertain Gomet, only 
deſerves to he ãnſerted in our Catalggue, for the 
fake. of its #PPRaring near Four. hundred Tear 


280. 

The next 'of our Comets was 1 the the Year 14723 
which being the ſwi and. neareſt td 
the Eart h, was obſery — Regiomontanus; This 
Comet (ſo fearful upon the account. both of t 
Magnitude of its Fody, and the Tail) mor 
fort / Degrees of a t Circle in the Hea 8 
in the Space of one Bay; and was. the fir * 
which any proper 4 MLM mas e: come down, 
to us. But all thoſe that conſider'd. Comets, un 
til the Time 9 82 Tycho 97 (chat e de Reſtorer 
of Aſtron 99 855 belicy'c helow,.che 


Magn them le Nori of of them, rec- 
kon em no PORTS. 

Bart - 1, F7 5 . purſu- 
0 e — 4. $6.8 2 having gotten 
large, Inſtruments for the Br on Celeſtial. 


Menſurations , with far. greater Care and Cer- 


taint the Ancients cou'd ey 12 7 for) 
here LO NAP: 1 £ 85 to the 


Obſervation 72950 of i hſc CE applied 
himſelf ;, and ke many 2 54 Hichful 

Trials, that lit h als that was 
perceptib Fer, gonſe: A; Age not oy 
no Aerial Vapour, but much higher t 
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the Moon; nay, might be plac'd amongft the 
Orbs of the Planets, for any thing that appear{ 
to the contrary ; the cavilling Oppoſition mat 
by ſome of the School - men in the mean time, 

being to no purpoſe. o. 1 
Tycho was ſucceeded by the moſt Sagacious Ke 
pler. He having the Advantage of Tyche's Laboum 
and Obſervations, found out the true Phyſical 
Syſtem of che World; a4 vaffly improv'd the 
Science of 'Afttonomy. © - Sls e 
For he demonſtrated that all the Planets per- 
form their Revolutions in! Elipric Orbits, whoſe 
Plains paſi tbro the Center of the Sum, obſerving 
this Law, that the Ares of the Elliptic ' Seffors, 
taken at the Center of the S. ('\which be proved n 
be in the copimon Foc, of Theſe Ellipſer) are alway! 
proportional to 'the Times in which the correſpen 
Elliptical Arcs are diſerib d. He diſcover̃ d alſo 
that tbe Diffances of the Plaut from 'the Sun are in 
the Seſquialters- Yatio of tb Periodical Times, or 
(which is all onę) that the Cubes of the Diffancer! 
are as the Squares of the Times. This great Aftro- 
nomer had the opportunity of obſerving two 
Comets, one of which was a very remarkable 
one. And from the Obſervations of theſe (which 
afforded ſufficient Indications of an Annual Pa- 
rallax) he concluded, That rhe Comets movw/d fri 
thro' the Planetary Orbs, with a Motion not ni - 

ferent from i Reftilimear oe; but of what Rind 
con d not preciſely determine. Next, Hevelius (2 
noble Emulator of Tycho Brabe) following in 
Replers Steps, embraced the ſame Hypothefis of 
the Rectilinear Motion of the Comets, him- 
ſelf accurately obſerving many of them; Let 
he complain'd that his Calculations did not per- 
fectly agree ro what he obſerved 22 ea- 
vens: And was aware, that the Path of a Comet 
wat 
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vs bent into a Curve Line concave towards the Sun. 
At length came that igious Comet of- the 
Year 1680; which deſcending (as it were from 
an infinite Diſtance) perpendicularly towards 
he Sun, aroſe from him again with. as great a 


elocity. bro | | 17611 Lr 1 i 4 
This Comet, (which' was ſeen for four Months 
ontinually) by the very remarkable and. peculiar 
urvity of its Orb (above all others) gave the 
t Occaſion for inveſtigating the Theory of its 
otion. And the Royal Obſervatories at Para 
1d Greewwich having been for ſome time fonnd- 
d, and committed to the Care of moſt excel - 
nt Aſtronomers, the apparent Motion of this 
"met was moſt accurately (perhaps as far as hu- 
— = cou'd go) obſerv'd by Mrs. Cſſmi and 
lamſtee | 
Not long after, that great Geometrician the 
luſtrious Newton, writing his Mathematical Prin- 
ples of Natural Philoſophy, demonſtrated not only 
at what Kepler had found, did neceſſarity ob- 
in in the Planetary Syſtem ; but alſo, that all 
ie Phænomena of Comets wou'd naturally fol- 
dw from the ſame Principles; which he abun- 
ntly illuſtrated by the Example of the afore- 
id Comet of the Year 1680; ſhewing at the 
me time, a method of delineating the Orbits 
Comets Geometrically ; therein ſolving (not 
ithout meriting the higheſt Admiration of all 
len) a Problem, whoſe Intricacy render d it 
arce Acceffible to any but himſelf. This 
met he prov'd to move round the Sun in a 
arabolical Orb, and to deſcribe Area's (taken 
the Center of the Sun) proportional to the 
imes. 
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- Wherefore (following the Steps of ſo Gren: 
Man) I have attempted” to bring the fame lie 
thod to Arithmetical Calculation; and tha 
with all the Succeſs I cou'd-wiſh. Por; taving 
collected all the Obſervations of Comets i cot 
I have fram'd this following Table, the. refult 
a prodigious deal of Calculation; which, the 
but ſmall in Bulk, will be no unacceptable hn 
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ſent to Aſtronomers. For theſe Numbers are c= 
ble of repreſenting all that has been yet ov” ; 
d about the Motion of Comets, by the'hel 7 
only of the annex d General Table; 'in'the a; - 
king of which I ſpar d no Eabour, that it mig: 
come forth perfect, as a Thing conſecrated = 
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— and to laſt as long as Aſtronomy i 
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the Motions in a Parabolie Orb 


onomical Elements of 


The Aft 


of all the Comets that have been bitherto duely obſer v d. 


Gm. | Nod 
| An. Aſcend, 


r. 


| 1337 124-21. c . 
| 1472[V$11.46.20] 5-29. JN 8.33.30 $4273 
153100 19.25. 


I $9614 I 2.12.3C 
1607{D 20.21. c 


[ Inc 
Orbite. 


all 7-56. ol 


emp. ut Feribelion 
Perihelii. 4 Nod. 
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23.47. 10jqftrop, 
$6700 [9.753583|Ang. 2421.164105. 46. ro[Retrog. 
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66390 [9.666424|Afr. 21. 20. 3 103- 8. ofDirect 
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18342 o. 26344. 26.18.45 [103.30. oRetrog 


$9628 [$9.775450|Nov. 28.15.00 | 90. 8. 30 Direct 
109358. 038850 Sept. 27.19.20 | 28.51.3 Direct 
$7661 [9-760882|7an. 29. 3.451. 23. SoRetrog 


51293 [{9.710@58[uly 31, 19.35 | 83. 56.0 fHetrog 
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dun, contains 1900000, 


oblerv'd 


ſuch Parts, 


"I, General Table 


for Calculating the Moting 
of Comets in 4 Parabolical Orbis, 

"Fed LTI Ingen. | — Ang. 3 | Tag 
mot. | peribelio. | pro dift. t. | perihbelio | pro df 
: 5 T| 4, 
T| 1-31-45 | o:0000775 | | 41 [5329-44 | 0098300 
23. 3-15 | 0.000309 42 | 54-27-32 | 0-10201g 
3 | 4-3443 | 0-00069q 43 | $$-24-21 | 0.105742 
4 | 6.6.0 0.001231 | | 44 1 56.20.12 0. 109490 
3 |_7:37- 1 | 0.001921 45 $7-IS. 6: 0.113240 
69. 7.43 | 0.002759 46 | 58. 9. 30.116993 
7 [10.38. 2 | 0.003745 47 | 59+ 2. 4 | 94120756 
8 12. 7-54 | 0.004876 48 | 59-54-11 | 0124518 
9 [13-37-17 | 0.006151 49 | 60.45-25 | 0.128278 
10 15. 6. 7 0.007564 50 61.3545 D.192035 
11 [16.34.20 0.009115 $1 | 62.25.14 | 0135792 
12 [18. 1.54 | 0.010798 52 [63-13.52 | 9139544 
13 419.28.47 | 0.012609 $3 | 64. 1.49 | 9143291 
14 |20.54-54 | 0.014550 $4 | 54.48.38 | 9.147029 
15 [22.20.14 | 0.016607 3555.34.30 9-150762 
16 23.44.44 0.018783 $6 66. 20.13 0.154482 
17 | 25. 8.22 | 0.021072 $7 | 57-04-50 | 9.158192 
18 | 26.31. 8| 0.023470 58 | 67.48 42 | 9.161890 
19 | 27.52.55 [o. o2 5969 5968.31.30 | 9.165578 
20 | 29.13.47 | 9.028570 60 | 69.14.16 | 9.169254 
21 [30.33.40 | 0.0 1263 61 | 69.55.58 [9.172914 
22 | 31.52.32 Fs. 62 | 70.36.56 0.176557 
23 |33-10.23 | 0.035916 63 | 71.17.16 | 0-180188 
24 | 34-27-12 | 0.039864 64 | 71.56.56 | 0.183803 
25 | 35.42.59 | 0.042892 6s | 72-35-57 0.187404 
26 | 36.57.41 | 0-045989 66 | 73-14-15, | 0.190978 
27 38.11.20 0.0491 54 67 | 73-51.59 0.194 
28 | 39.23.54 | 0-052382 68 | 74-29. 6 0.198085 
29 | 40.35.23 | 0.055668 | 69 | 75.05.38 | 9.201614 
39 [41-45-47 | 9-259009 * | 72 | 75-413 0.205122 
31 | 42-55-06 0.062400 71 | 76.16.56 0.200612 
32 | 44+ 3-20 0.065838 72 76.51.43 0.212080 
33 45.10.29 ven v 73 77.25.57 9-215529 
34 | 46.16 35 | 0.072839 74 | 77-99-41 0.218963 
35 | 47-21-36 | 0.076396 75 | 78.32.54 0,222378 
36 | 48.25-33 | 0.079984 76 | 79. 5.35 | 04225709 
37 | 49-28.27 0.083500 77 79.37.45 _— 
38 | 50.30.19 | 0.087244 78 80. 9.23 0.232 
39 | $1.31. 8]0.090910 79 | 80.40.34 | 0.235805 
40 32.30.36 0.094596 80 81.11.16 0.23912] 
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Tad, 4 
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91.29.1 
92.12. 14 
92.54. 4 


933432 


94.1440 
94-53-30 
95.31.22 
96, 8.22 
96.44.30 
97.1 717 
97.54 
98.2 50 
9900.57 
22.38. 33. 11 
100. 4. 4-43 
100:35.45 
Ion. $.48 
101.3522 


9 4102. 4.19 


| Lngar. 


| pro diſt. 
a Sale, 


10.242416 
0.245684 
10, 248933 
10.252159 
0.255366 
(0.258552 
0.261720 
| 26456 


| 10.267989 


9.271092 


34 19274176 
10.277239 
0.280284 


1283304 
0.286308 


0. 289293 
1.292252 
295201 


5410.298122 


0.301030 
0.306782 
by 312469 
0. 3 19050 
0.323587 
1 0.329042 
0.334424 
9.33973 


0.350153 
o. 333262 
o. 3603056 
0.355234 
0.370200 
lo. 375052 
| 0.3798 379842 
. 
0.389252 
O. 394,858 
* 


0.344979 


| Angul. 4 


Er. 7 i, 
102.32«41 
103.00.31 
103.2747 
103.5431 
104.20.43 
104.46. 22 
105.1 1.33 
105. 36.16 
106. 00.32 
106.24. 23 
— 


105.47. 475 
107˙ 1044 
107.3317 
107.5527 
108.17.14 
108.38.37 
108. 59.39 
109. 20.20 
109.40. 40 


| —ͤ — 


1 10.20.20 
I 19.39.41 
I 10.59.44 
11 1.17.28 
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111.54. 05 
I12.11.58 
I 12.29.34 
112.46.55 
113. 4.00 
1113.37.25 
114 9.52 
114-4123 
115.1202 
115.41.51 


Peribelio. 


Tar. 


pro diſt. 
a Sie. 


— —— 
9.407380 
0.411784 
9.416132 
0.420430 
0.424576 
0.428356 
0.433012 
0.437110 
0.441164 
0:445178 
01449144 
04453060 
0.456936 
0.460772 
9.464208 
0.468 318 
0.472030 
0.475705 
0.479349 
0.482937 
0.4864B 
0.4 90022 
9.493512 
0.496966 
0.590384 
0.503769 
0.507121 
0.510441 
0,513729 
0.5 16984 


0.523406 
0.529705 
0.535885 
0.531958 
0.537922 


116-10.52| 
116.39. 7 
117.06. 39 


117.33.27 
11289028 


2275755 
[0.5595 

0.565199 
o. 570762 


0.759 


perihelia. iſt. 
= . a Sole. 
244 1118.25. 50.581616 
248 18.49.57. 58691: 
| 252 1179.14.14. 59212: 
256 119.37. 56.597232 
260 120. 1. 6 0.602301 
264 |120.23.44[0-607274 
268 [120.45.52Þ.6121794 
272 [l21. 7. 300. 616998 
276 [21.28.39 0.52 1750 
280 [121.49.220.526438 
284 [1 22. 9.380.563 1056 
288 [12.29.2800 53 3605 
292 [122.48.54[9.6400g98 560 
295 |123. 7.57Þ-644525 142.49. 100. 992900 
300 123.26. 36 C. 548893 800 143. 7.480. ic 
310 [124.11 40.659585 920 [143-25.5z{1-006871 | 
320 124.54. 36. 56988 940 [143-43-23]1-01358 
330 125.35. 340.8798 980 144.0. 18H O, 1 
340 [126.14.44|0-589558 980 [144-16.45;,1-02658 dot! 
350 126.52. 0.6 g897 Io00 1 44.32.4611. 526 e mer 
360 127. 28. S. od 10 1500 149.20. 8.1301 tha 
| 370 |128, 2.330. 71697 2000 152.26.15 1. 24605 C 
390 [129.3 5. 3800. 72 560 2500 [I 54.32.20 1.31370 with 
350 129. 3.2500. 73400 3000 [156.7. 27/1.36867 of Þ 
400 129.38. 4[0.742186] | 3500 157-22.49,1-41497488; 
470 130. 7.34j-750160| | 4000 |158.24.36[1.45495e, | 
420 |130.36. 2010-75793 4500 f 59.16.3601 450124 parat 
430 [131. 3.300. 76 55 5000 160. 1.121.321 52ʃ ay 
440 131.30. 2 0.772918 3500 160.40. $[1-549874 . 
450 [131.55 41. 780148 | 6ooo Its. 14.240. 57%, OT it 
460 132.20. 300. 78721 6500 161.45 df all 
470 [132.44.32[9-794122] | 7000 G2. 12.3401. 6210 ength 
489 [133. 7. 500. 800882 7500 [162.37.34|1.6418} tri 
490 133.30. 2 50. 80749 8000 163. 00. 23 L- SS wo 
500 |133-52,20/.813969] | 8500 |163-21.20 1.6788 f mo 
520 [134-34-18[c.826522] | 9000 163.49. 421.6957 an 
540 | 135-14. 0jÞ.838600] | 5900 [163.58,38]t.711 18 
560 135.51. 2800.8 5018 [i0000 164.1 5. 2001. 72650 rabe 
58D 136.27. 6ſo. 86 1369 [50000 [170.52, l, an 
| 600 | 137.00.57Þ.872155] '100000172.45.44 1 
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. A the Planets move in Elliptic Orbs, fo 
2 do the Comets in Parabolic ones, having 
© the Sun in their common Focus, and deſcribe 
* equal Areas in equal Times. Now ſince all 
© Parabola's are ſimilar to one another, there- 
* fore if any determinate Part of the Area of a 
* given Parabola, be divided into any number of 
% Parts at liberty, there will be a like diviſion - 
made in all Parabola's under the ſame Angles, 
* and the Diſtances will be proportional: Con- 
© ſequently this one Table of ours will ſerve for 
* all Comets.“ Thus far Dr. Halley. 


But it is to be noted, that dur famous Author 
doth not aſſert in this Place the TrajeRories of Co- 
mets to be compleatly Parabolical; but only means, 
that whereas they are indeed Elliptical, they are 
withal ſo Eccentrical, that that Part of the Orbits 
of Planets which reſpects the Planetary World, 
and which we the Inhabitants of this Earth can 
ſee, doch ſo little differ from the curveſt Part of a 
rrabolic Line, that it may ſafely, and without 
ny ſenſible Error, be aſſum'd to be a Parabola. 
or it was before noted, that there may be Ellipſes 


df all Species, and that the Concentrical do at 
220 ength degenerate into Circles, the infinicely Ec- 
64183 trical into Parabola's. Nor is it therefore to 


e wonder'd at, if inſtead of an Ellipſis, a Figure 
more difficule Contemplation, and generally 
an unknown Species, we chuſe to uſe a 
arabola, a Figure more eaſy to be Contempla- 
d, and of one Species only; in that Place, eſpe- 
| Ee 2 | cially 
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cially where the Phænomena of Comets mark. 
out to us Trajectories ſcarce other than Parabolical. 
We have before ſnew'd that the Proportionality 
of the Area to the Time is common to Comets 
as well as Planets; and ſhall not go over the ſame 
Thing again. It is alſo manifeſt, that like Figures, 
as Circles and Parabola's do admit and require, 
that the like Diviſions of them, or their Propor- 
tional or Correſpondent Parts ſhould be exprelsd 
by the ſame Numbers. But let our Author pro- 
ceed. | 

No the Manner of the Calculation of this 
© Table is thus: In Fig. 5. Plate 9. let S be 
* the Sun, POC the Orbit of à Comet, P the 
4 Perihelion, O the Place where the Comet i 
* 90 gr. diftant from the Perihelion, C any o- 
Ather Place. Draw the Right Lines CP, C5, 


and make ST, SR, equal to C'S; and having 


* drawn the Right Lines C R, CT, (whereof the 
one is a Tangent, and the other a Perpendicu- ; 

* lar to the Carve ) let fall CQ Perpendicular 7 
ec to the Axis PSR. 92 85 1 


It is here as it is in the Planetary Aſtro- 
nomy, where we firſt enquire the Place of the x 
Planer, or the Angular Diſtance from the Axis of þ 
the Ellipſis, which we call the True Anomaly d © 
the ſame, together with the abſolute Difanc 
from the Sun; Even ſo here, we muſt in the firlt 
Place find out the like Angle and Diſtance, Bit 
it is to be noted, that according to the Nature 
all [Parabola's, the Line SO is half the Lv 
Rectum. SP is a 4th Part of the ſame Latus Rec 
or half of SO ; and that a Tangent C T being 
drawn unto any Point C, and there being ereRt 
Perpendicular to the ſame the Line C R, cutting 


the Axis; and there being let down from * = 
Oln 
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point C, to the Axis, the perpendicular CQ cut- 
ting the Axis in Q; SC, SR and S T are equal 
amongſt themſelves ; and the Line QR is equal 


431 


All which 
Bur 


to SO, or half the Latus Rectum. 
Things are well known from the Conics. 
our Author proceeds. 
Now any Area, as COPS being giv 'n, it. 
* is requir'd to find the Angle CS P, and the Di- 
* ſtance CS. From the Nature of the Parabola 
*RQ;is ever ; the Parameter or. Latus Reclum 
„ of 100 Axis, and conſequently, i if the Parame- 
ter be put = 2, then R=. Q:; 
© PQ fhall 22, and the Parabolic Segment 
„COPS ha; But the Triapgle CS P will. 
„ i and ſo rhe Mixcilineal Area C OPS = =. 
„hh X32 Da, whence 2 x 32 11. Where: 
* fore reſolving this, Cubical Earn, Z, or the. 
Ordinate C will be alc P 


Thus far our Aurher. Bur i is to be well dd. 
ſerv'd, that we haye here the nalytical way for 
finding the Coequate Anomaly.i in a Parabola from 
the Mean Anomaly given, that is, from the Area, 
deſcrib'd, -which is eyery- where Proportional o 
the Time of the Deſeription. Nor can the Angle 
CST, or the Sedan Anomaly be found, di- 
ny from th "Given A rea or Mean. Anomaly, | 
without Aal f. Hot, ch AY uche Hypoth eſis, 
that the Lins fo which 255 F ro be ſouglit, 
(for when that is found, he Angle CST Will. 
caſily be found, as. will be manifeſt preſently) be 
called z, the Line P Q will be equal to 3 2 Z, is eaſy: 
to be demonſtrated: For as RQ = 1, iso 
CQ=z; ſo che fame CQ Sz is to QT, or» 
22, the half whereof conſequently  Q P. willbe + 
equal to zz. But that the Parabolic Segment 


COP, according to the ſame Hypotheſis, will be 
Ee 3 rightly 


2 CRQ, or of i the Angle CSP, wherefore the 
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rightly expreſs'd by j 2 2 2, eaſily follows from the 
Conics. For the Area COPS Q is to the Tri. 
angle CPO, or CPT equal to the ſame as 4 to 
2; and conſequently the Parabolic Area COP is 
toCPQasrtog; and ſince the Triangle CPO 
made of the Perpendicular C Q or z, drawn into 
half the Baſe zz z, becomes 3zz z z, the 3d Part of 
it will be hz z z, equal to the Parabolic Area 
COP. The Triangle CSP alſo is made of 
the Perpendicular z, drawn into half the Baſe ;, 
equal to ;z; and conſequently the Sum of the 
Area's COP and CSP, or the whole Area 
C OPS,Proportional ro theTime,will be equal to 
the Sum of theſe Quanticies, which is called : or 
there will ariſe this Equation 2 * 2 K 6s; 
and by multiplying on both Sides by 12, 2 4 22 
== 124; Which is a Cubic Equation, the 2d and 
4th Terms whereof are wanting. The Root there- 
fore of this Equation being found, or the Value 
of z being found in Numbers by Dr. Halley's Me- 
thod, or otherwiſe, the Length of the Line CQ 
will be known. &. E. I. And now let us hear our 
Author himſelf. ; ALOE | 

Dr. Halley. Now let the Area OPs be pro- 
7e pos'd to be divided into One Hundred Parts; 
** this Area is ꝑ of the Square of the Parameter, and 
** conſequently 12 a is equal to that Square = ,, 
If therefore the Roots of theſe Equations z' + 
32=0,04: 0,08: o, 12: 0,16, Ve. be ſuc- 
ceſſively extracted, there will be obtain'd ſo 
many 2 or Ordinates CQ reſpectively, and 
* the Area SO P will be divided into One Hun- 


ce 


* dred equal Parts. And in like manner is the Cal - 


% culation to be continued beyond the Place O. 


* Now the Root of this Equation (ſince R Q is 


= r) 1s the Tabular Tangent of the Angle 


* Angle 


— 
> 
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Angle CSP is given. And RC, the nt 
* of . ſame . C RQ, is a mean _ 
tional between R Q, or Unity and RT, which 
i the double of S C, as is plain from the Co- 
© nics. But if SP be put f, and ſo the Latus 
% Rectum = 4 (as in our Table) then RT will 
pe the Diſtance ſought, viz. the double of SC 
* in the former Parabola. After this manner 
te therefore, I compos d the foregoing Table, 
* which, ſerves to repreſent the Motions of all 
© our Comets'; of which hitherto there has been 
* none obſerved, but thoſe that come wichin 
* the Laws of the Parabola. | 


Now that the Area OPS is a twelfth 
Part of the Square of the Latus Rectum, it is ma- 
nifeſt : Becauſe, according to the Conics, the 
Area OPS is 5 of the Rectangle of OS, mul- 
tiplied by SP; that is, of the Rectangle of half 
the Latus Rectum, multiplied by a 4th Part of the 
ſame. For ; xz i, But any Numbers, as 4. 8. 
12.16, If they be put in the 2d Place of Deci- 
mals, as here is done, will rightly expreſs 1ooth 
Parts. And we are therefore content with a Right 
Angle as the principal Guide of Computation, 
becauſe we want an entire Period in Parabola's. 
But becauſe of the equal Angles SC, SR, the 
external Angle of the Iſoſccles Triangle C RS 
will be equal to the double Angle CRS. And 
there being giv'n conſequently by the Tables of 
Tangents the Angle C R Q, the Double thereof, 
or the Angle CS T; that is, the Coequate Ano- 
maly of the Comet is found. In like manner, the 
Angle CS T being now giv'n, if you make by 
the Golden Rule: As RQ = r is to the Secant 
of that Angle to be taken out of the ſame Ta- 

E64 i bles; 


— 
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bles; ſo that Secant is to the zd Proportional 
RT; The half hereof RS is equal to SC, or to 
the Diſtance of the Comet from the Sun. E. 


Nov. 29. 1708. | *. N | 
III IIII III ESE CILICITE 
ae 8 5 Abs = i, 


WJ Halley, © It now remains, that we 
* give the Rules for the Calculation, 
br. G: « to ſhew the way of determining the 
29 * Viſible Place of a Comet, by theſe 
=? © Numbers: The Velocity f 'a Comet 
moving in a Parabola, &. every-where 16 the Veio- 
** city of a Planet deſcribing a Circle about tbe Sun, at 
ec the ſame Diſtance from the Sun, V2 to 1. 1s 
appears from Cor. 7. Prop. 16. Lib. 1. of the 
Princip. Phil. Nat. Math, If therefore a Comet 
in its Perihelion were ſuppos dito be as far di- 
* ſtant from the Sun as the Earth is, then the 
* Diurnal Area which the Comet would deſcribe, 
* woud be to the Diurnal Area of the Earth, as 
* 4 2to 1. And conſequently, the Time of the 
* Annual Revolution, is to the Time in which 
© ſuch a Comet wou'd deſcribe the Quadrant of 
* its Orbit from the Perihelium, as 3. 14159, Cc. 
(that is the Area of the Circle) to Y 


That the Velocity in a Parabola it to the 
Velocity at the ſame: Diſtance in a Circle; 
as V2 is to 1, or as 10 to 7 almoſt, was de- 
monſtrated in Prop. XXII. foregoing; or rather 

* | deduced 


* Qu 


al 
0 
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deduced as it were a Corollary, from the Na- 
ture of Circular and Parabolic Curvicy, and the 
Proportion of the Subtenſes of the Angle of Con- 
tact. But the Annual Time in an Elliptic Circle, 
or the Time of an Entire Revolution, repreſented 
by the whole Area of a Circle, which is to be 
eſtimated from the Multiplication of half the Cir- 
cumference by the Radius; will be to the Time 
of the Deſcription of a Quadrantal Arch in a Pa- 
rabola, which is to be repreſented by a Quadrantal 
Area of the Parabola, to be eftimated from the Multi- 
plication of 3 of balf the Latus Rectum, by a quar- 
ter of the ſame Latus or Radius ; as the Area's 
themſelves ; or as the Heighths of the Rectangles 
to the Common Baſe; only ſo far as the Velocit 

of Deſcription in a Parabola doth diſturb and di- 
miniſh that Proportion of the Times, in the Pro- 
portion of x to / 2 ; and therefore inſtead of 3, 
jet V; be taken: and let the Numerator be dou- 
bled, becauſe of the Square Number two, the dou- 
ble of Unity ; that is, for the Circle, let the Area 
of it-3, 141, 594 be taken, for the Parabola v3. 
And thus the Truth of our Author's Reaſoning 
will ealy be underſtood. _ wt eh 


Dr. Halley. © Thereforeithe Comet wou'd deſcribe 
that Quadrant in 109 Days, 14 Hours, 46 Mi- 
* nutes ; and ſo the Parabolic Area ( analogous 
to the Area POS) being divided into Ohe 
Hundred Parts, to each Day there wou'd be al- 
lotted 0.912.280 of thoſe Parts, the Log. of 
which, viz, 9.960128, is to be kept ſot con- 
tinual uſe. But then the Times in which Co- 
mets, at a greater or leſs Diſtance, wou'd de- 
” ſcribe ſimilar Quadrants, are as the Times of 
: the Revolutions in Circles; that is, in the Seſ- 

quiplicate Ratio of the Diſtances; — 

ag © > 
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© Diurnal Areas eſtimated in Centeſimal Parts of 
* the Quadrant (which Parts we put for Mea. 
* ſures of the mean Motion, like Degrees ) are 
in each, in the Subſeſquialtera proportion of 
5 ow Diſtance from the Sun in the Perihe. 
© lion. 

Mr. Mbiſton. The Mean Diurnal Motion, to 
wit, o, 912, 280, to be expreſs'd by a Negative 
Logarithm after the Old Manner=— 0,039,872, is 
in this Place expreſs d in a New Way by a Poſitive 
One 9,960, 128, to avoid the Difficulty about the 
Negative Characteriſtic ; but is preſently made 
equivalent to the wonted Form, by caſting away 
Ten in the Addition when occafion ſhall require. 
But our Author obſerves here rightly, that in di- 
vers Parabola's, a Quadrant is always reckon'd of 
the ſame Number of Parts, I mean an Hundred; 
in ſuch Sort nevertheleſs, that thoſe Parts be in- 
deed unequal, and according to the Magnitude of 
the Parabola greater or leſs, but not in that Pro- 
portion greater or leſs, in which the Diſtances 
increaſe or decreaſe from the Sun, but in the Sub- 
ſeſquialreral Proportion of the ſame : So that the 
Squares of the Diſtances be betwixt themſelves, 
as the Cubes of theſe Parts reciprocally. 


Dr. Halley, © Theſe neceſſary Things premis'd, 
*© let it be propos d to compute the apparent Place 
* of any one of the foremention'd Comets for 2. 
ny given Time. Therefore, 


[© x. Let the Sun's Place be bad, and the Log. of it 
Diſtance from the Earth, SEL: 

2. Let the difference between the Time of the Pui- 
helion and the Time given be gotten, in Days and Deri 


ve; Parr: of Days. o the Log. of this Number, fa 
that 
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there be added the conſt ant Log. 9. 960. 128, and the 
Complement Arithwetical of three halves of the Log. of 
the Peribelion Diſtance of the Comet from the Sun : The 
Sum will be the Log. of the mean Motion, to be ſought 
in the firſt Column of the general Table. 


3. With the mean Motion let there be taken the cor- 
reſpondent Angle from the Peribelion in the Table, and 
the Log. for the Diſtance from the Sun: Then in Co- 
mets that are Direct, add, and in Retrograde ones 
ſabtract; if the Time be after the Peribelion, the An- 
gle thus found, to or from the Peribelion : or in Direct 
Comets, ſubſtract; and in Retrograde ones add; if the 
Time be before the Peribelion, the foreſaid Angle to or 
from the Place of the Peribelion ; and ſo we ſhall hv 
the Place of the Comet in its Orbit, And to the Log. 
for the Diſtance found, let there be added the Log. of the 
Diſtance at the Peribelion, and the Sum will be the Log. 
of the true Diſtance of the Comet from the Sun. 


4. The Place of the Node, together with the Place of 
the Comet in its Orbit, being given, let the Diftance of 
the Comet from the Node be found ; then the Inclination 
of the Plane being given, there will be given. alſo (from 
the common Rules of Trigonometry) the Comet's Place re- 
duced to the Ecliptic; the Inclination or Heliocentric La- 
$'d, de, and the Log. of tbe Curt Diſtance. 


F 2 5. From theſe things given ( by the very ſame Rules 

that we find the Planet's Places , mr the Sun's Place 
and Diftance given) we may obtain the Apparent or 
Geocentric Place of the Comet, together with the Appa- 
ent Latitude, And ths it 3 worth while to il- 
vftrate by an Example or two.” |] 


As 
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As to the place of the Sun, and the Diſtance 


thereof from the Earth, we have elſewhere 
taught how to find both by Aſtronomical 
Calculation. But the Logarithms of the Di. 
ſtances, we through ſome negle&, omitted in that 
Place'; and therefore ſhall: add them in the End 
of this Work. But the Logarithm of Days is 
therefore added to the Given Logarithm of one 
Day, that the Motion of one Day may be un- 
derſtood to be multiplied by the Number of Days; 
For it is known, that the Addition of Logarithms 
doth infer the Multiplication of Numbers corre- 
ſponding to thoſe Logarithms. | 


And theſe Things may fuffice, if ſo be the Co- 
met be ſuppos d to paly in its Perihelion at a Di. 
ſtance equal to a Radius of the great Orb. Hut 
if, which commonly is the Caſe, the Comet dot 
not paſs at that Diſtance, but at a greater, as it i 
ſometimes; or at a leſs, as ofther happens; that 
Area, proportional to the Time, is to be inegeaß d 
or diminiſhd; and this in the Sub- ſeſquialtetal 
Proportion of that leaſt Diſtance from the Sun; 
ſo that at length that Area may rightly repce- 
ſent the Mean Anomaly. From whence the Lo- 
garithm of that Seſqui-plicate Diſtance is to be 
added to the former Sum of the Logarithms, and 
the Radius to be ſubſtracted according to the 
Exigence of the Golden Rule, to be pradtis'd in 
Logarithms; or which is the ſame, the Arithme- 
tical Complement only of that Seſqui- alteral Lo- 
garithm is to be added. Neither ought it to ſeem 
ſtrange, that in leſſer Diſtances we, by.. addiog 
the Logarithm, obtain the true Proportion in- 
creas'd, and the ſame in greater Diſtances dimi- 


niſh'd ; For Mulciplication by a Fraction, or * 
x cim 
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cimal Parts, doth no leſs diminiſh the Sum, than 


+ Multiplication by whole Numbers doth increaſe 
ere it. And the Thing is the ſame in Logarithmeti- 
= cal Addition. But we are to obſerve, that the 
bY Logarithms marked in the 3d Column of the Ge- 
* neral Table, are not the Logarithms of the Num- 
bers of the Diſtances from the Sun, to be added 
* 5 I over and above the Radius to the Mean Diſtance; 
due but of Numbers, by the Multiplication of which, 
9" chat true Diſtance were to be obtained. From 
— whence the Logarithms of the ſame being ſuper- 


added to one another, will eaſily give us the Lo- 
garithm of that whole Diſtance from the Sun. 
Theſe Things being well underſtood, we ſhall be 
Bi. ble to undertake and perform the Calcula 
3 ut tion, 


X AM. 
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EXAMPLE I. 


Let it be requir'd to find the Place of the Comet of ty MI : 
Tear 1664, March 14, 7*, oo', P. M. London. 
That #, 96d, 190, 8', after the Peribelion, which 


bappen d Novemb. 24, 110, 62 
Log. Diſt. Perihel. o. 011044 


Log. Seſquialt. 0. 016566. 
Comp. Arith. 9. 983434 
Log. Temp. I. 985862 


Log. Med. Mot. 1. 929424 
Medius Motus 85.001 


Perihel. & 10. 41. 25 
Ang Correſp. 83. 38. of — 
Comet in Orb. 8 17. 3. 20 
Aſcend. Nod. mx 21. 14. 00 


Com. à Nodo 34. 10. 40 


Red. ad Eclip. 22.19. of 
Com. Helioc. 8 18. 54 55 
Incl. Bor. II. 46. 50 
Log. pro diſt. o. 255369 
Log. Perihel. o. OIIO44, 
Co-ſin. Incl. 9. 990754 
Log. diſt. Cur o. 257167 
Log. diſt. © 9. 997918 


O X 21.44. 45 
Com. Vilus YT 29. 18. 30 


Lat. Viſa (Bor.) 8. 36. 15 


th 
on. 
bich 


yr T Peribelion. 
Log. Diſt. Perihel. 


Aſtronomy of CME S. 


EXAMPD LE IL 


Lit it be requir d to find the Place of the Comet of . the 
Tr 168, July 23®, 2 13's 25» F. M. London : : 


„ 40' Equat. Ti 


— Seſquialt. 
Comp. Arith. 


Log. Temp. 
Log. Med. Mot. 
Medius Motus 


Perihel. Ir 
Ang. Correſp. 


Comet. in Orb. Y 
Nod. Deſcend. X 


Com. à Nodo 
Red. ad Eclip: 


Com. Helioc. * 
Incl. Bor. 


g. el. 
3 Incl. 


— Curt. 
© Focus & 


Com. — S 
Las t. Bor. 


431. 


&, 21% 100, fo 


9. 748343 
9. 622514 
o. 377486 
9. 960128 
1. 310723 
I. 648337 
44. 498 


25. 29. 30 


28. 42. 10 
23. 23. 00 


45. 19. 10 


4: 48. 3 


37. 2. 00 


o. 111336 
9. 748343 


56. 47. 200 


> 


9. 913187 


9. 772866 
o. 06104 
10. 41. 25 

5. II. Fo 
28. 52, 00 


Bue 


4 
—— — 2 — — — 


— —— 
— > = — 


I — — 


— 
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But now, that we may rightly perform this 
Calculation; It is to be noted, 

(I.) That the Logarithm of the leaſt, or perihe. 
lion Diſtance, is only ſet down here, that we may 
obtain the other Logarithm, which is Seſqui- 
alteral of the ſame, or is thereto as 3 to 2. 

(2.) That the Arithmetical Complement of this 

| laſt Logarithm being added to the Conſtant Loga- 
rithm of one Day, doth make the Logarichm of the 
whole Time before or after the Perihelion. For 
working by Logarithms, the Numbers in the for- 
mer of the Examples will be thus. The Loga- 
rithm of one Day is 9, 960, 128; and the Loga- 
rithm of Days is 1, 985,862. Theſe alone being 
added together, would make the Logarithm of 
the Mean Motion, if the Perihelion Di- 
ſtance were equal to Unity, or the Radius of the 
great Oro: But when the Area of that Mean 
Motion i? to be increas'd in the Proportion of that 
Seſquialteral Perihelion Diſtance to the Radius-of 7 
the Aghual Orbit, that Seſquialteral Logaricthm MW Lati 
o, 01656, is to be added td the former Loga- A 
rithm ; and the Logarithm Of the Number-10is 70 
to be ſubſtracted; or, which comes to the ſame, 50 ; 
the Arithmetical Complement of the Seſqui- alt- I the? 
ral Logarithm is only to be added: which is done To 


in this Place. Now the Mean Mgr ion will eafil A 
be known, when the Logarichm of che ſame l 58. 


given. 


(3.) The Mean Motion, or Mean Anomaly, (6 
being now given, the Angle Correſponding WW Diſt: 
thereto in the General Table, is 839. 28.5”. (the add 
intermediate proportional Parts being every" un, 
where found, where there is Occaſion, by the Gol- WMear 
den Rule.) Which being deducted from the Place perih. 
of the Perihelion in Leo 10. 41“. 25”, becauſe Mo. or 


of the Retrograde Motion of the Comet giveth 
us 


Wy wW=- SP SS 90 nn ID DIY ww 
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vs the Place of the Comet j in its. own Orb, 17 * 
3. 20“ in Taurus, | 

( 4.) Subſtra@ this Place from the Place of the 
deſcending Node in Gemini; the Remainder will 
be the N of the Comer: from the Node, 
34". 100. 4 f | A 281 

E143 And now chat we may reduce. the Place 
of te Comet in its own Orb to the'Ecliptic; we 
muſt reſolve 2 Rectangular Spherical Triangle, 
and from the Given Angle and che Hyporenuſe, 
muſt find the other Sides. And for Reduction to 
the Ecliptic, for the Heliocenrrical Longitude, 
the following Analogy will luer 


As Radius — 10, 000,000 | 
is to Coſin. of the Ang. 211830“ 9.969.248 
So is Tangent, — 34. 10. 40. — 9. 821. 890 
To Tangent, — — — — 9. 801. 138. 
1 0 H 10. 853251796” 
Then for the  Inclination, or cr 
Latitude, £0) 2 
As Radius, nenne 10. 000. 000 
oy. 8 "Ts 24. 10. 40", —— 9.749. * 
o is Sine o 
To Sine * "IHR "Wes 
Ang. ſought = 9. 309. 922 


* Try, 46.44. 


(6.) For ERS the Logarithm of the true 
Diſtance of the Comet from the Sun, we muſt 
add the Logarithm for the Diſtance from the 
Sun, which in the General Table belongs co-the 
Mean Motion, to the Logarithm of the leaſt or 
perihelium Diſtance; that is, o. 255. 369, to 
0. 011. 044, which make o. 266,413.And then ſay, 

As Radius — 10. 000. 000. 
To Diſt. from Sun — o. 266. 412 


— — — 
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But now, that we may rightly perform thi; 
Calculation; It is to be noted, 

(I.) That the A of the leaſt, or perihe. 
lion Diſtance, is only ſer down here, that we may 
obtain the other Logarithm, which is Seſqui- 
alteral of the ſame, or is thereto as 4 to 2. 

(2.) That the Arichmetical Complement of this 
laſt Logarithm being added to the Conſtant Log. 
rithm of one Day, doth make the Logarichm of the 
whole Time before or after the Perihelion. For 
working by Logarithms, the Numbers in the for- 
mer of the Examples will be thus. The Loga- 
rithm of one Day is 9,960, 128 ; and the Loga- 
rithm of Days is 1, 985,862. Theſe alone, being 

added together, would make the Logarithm of 
the Mean Motion, if the Perihelion Di- 
ſtance were equal to Unity, or the Radius of the 
great Orb»: But when the Area of that Mean 
Motion i?to be increas'd in the Proportion of that 
Seſquialteral Perihelion Diſtance to the Radius of ; 
the Aghual Orbit, that Seſquialteral Logaricthm Lat. 
o, 01656, is to be added td the former Loga- A 
rithm ; and the Logarithm Of the Number 10is MW To, 
to be ſubſtracted; or, which comes to the ſame, 50 
the Arithmetical Complement of the Seſqui- alte- ¶ che a 
ral Logarithm is only to be added: which is done To 


in this Place. Now the Mean Myon will eaſi 
be known, when the Logarithm of che ſame l Ang, 


iven. | 
5 (3.) The Mean Motion, or Mean Anomaly, (6 
being now given, the Angle Correſponding MWDiſta 
thereto in the General Table, is 839. 38'. 5”. (che add 
intermediate proportional Parts being every {Wun, 
where found, where there is Occaſion; by the Gol- Mean 
den Rule.) Which being deducted from the Place 
of the Perihelion in Leo 10%. 4r'. 25”, becauſe Mio. or1 


of the Retrograde Motion of the Comet giveth 
us 1 


Aſtronomy off COMETS. 433 


Vs the Place of the Comet in its own Orb, 17 * 
he 3. 20”, in Taurus, 

( 4.) Subſtra& this Place from the Place of the 
deſcending Node in Gemini/; the Remainder will 
be the Diſtance of the Comer: from the Node, 
34. 10. 0% A ti. 
(5.). And now that we may reduce the Place 
be of the Comet in its own Orb to the Ecliptic, we 
or muſt reſolve 2 Rectangular Spherical Triangle, 
and from the Given Ang le and the Hypotenuſe, 
muſt find the other Sides, And for Reduction to 
the Ecliptic, for the Heliocenerical Longitude, 
the following Analogy will ſuffice. 


of As Radius 575 000, ooo 
i- WO is co Coſin. of the Ang. 21.18“, 30“. 9.969.248 
he so is Tangent, — 34. 10. 40. Wy 821. 890 
mo Tangent, — — — — 9. or. 138. 


——— 


at „5271 15 2 90 
of Then ſor the Tnclioation, or Heliocentrical 
m Latitude, | | EAA 

1 As Radius, — — — 10. 000. 000. 


: * _ = 34. 10. 40", — 9.749.553 
) o is Sine o 

* the giv'n Ang. 21. 1 16 _—_— 9 760. . 
© To Sine of 
Ang. ſought > : 
15 | 5 TS 46. 44. 


j 


(6.) For dais the Logarithm of the true 
Diſtance of the Comet from the Sun, we muſt 
add the Logarithm for the Diſtance from the 
Sun, which in the General Table belongs to the 
Mean Motion, to the Logarichm of the leaſt or 
perihelium Diſtance; that is, o. 255. 369, to 
0. or l. 044. which make o. 266, 41 3. And then ſay, 

As Radius — 10. 000. 000 
To Diſt. from Sun 1 o. 266. 413 


F 
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So is Co- ſin of Inclin. = 9. 990. 754. 
To Curt. Diſt. ——— o. 257. 1679 
Or, which comes to the ſame; the three Logs 
rithms are to be added, and the Logarithm of 
the Radius to be caſt away ; as is done in our 
Examples. 1 12 
( oY, For obtaining the Geo-centrical Longi- 
' tude of the Comet, or the viſible Place in the E. 
cliptic, do thus. Subſtra&t the Helio-centrical 
Longitude 1“. 18*, 54 55” out, of the true Place 
of che Sun in the Ecliptic 11“ 217. 44. 45”; 
there will Remain the Angle of Commutation 
10d. 25. 49%. go"; the Complement whereof unto 
a Circle is 15. 27%. 10'. 10“, or 5%. x0'. 10". The 
half hereof is 288. 35. 5". From whence ſay, 


As dit. of the Earth — 9.997918 
To Curt. Dift.of theCom.10.257.167 

So is Radius —— -— 100 . %% %ęꝗ %6 7 
To Tangent —— — 10.259.249 = 61*.10.3" 


Now 45 Deg. being caſt away, there reſts- 16. 10.3. WM 4 
Therefore 1 4 


As Radius — 10.000,000 cc 
To Tang. 16*. 10“, 3'.— 9.462.265 „ 
So is Tang. of Semi-Sum.-« 9.736.294 =28*. 35.5. MW « 
To Tang. of Semi-difter, 9.198.559 = 8.58.36. W « 


Which Half-difference being taken away out 
of the Half. Sum, there remains 19*; 36. 29 ; that 
is, the Parallax of the Orb. But the Parallax be- 
ing in this Caſe ſubſtracted from the Heliocen- 
trical Place of the Comet, the Geocentrical Place 
of the ſame is V. 29. 189. 26. Something more 
exactly, as I ſuppoſe, than our Author's Calculz 
tion hath it. , 8 

But if the Curtated Diſtance of the Comet from 
the Sun be leſs than the Diſtance of the Earth fron 


the Sun, as it is in the other Example, we muſt work 
in 


| 
| 
| 
( 
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n the Calculation, as is done for the Inferior Pla- 
nets, (like as we have Calculated here, az we do 
for the Superior.) And the Half-difference of 
the Angles, which in that Caſe will repreſent the 
Elongarine from the Sun, is to be added to the 


— — of che San in the Ecliptic, or ſub- 


from the ſame, for obtaining the Geo- 
— Place of the Comet. 


(8.) For determining the Geocentrical Lai 
tude of the Comet, we are to Work thus; (the 
Angle of Elongation bein made up of the Ar- 
gregate of the Half. Sums 


As Sin. of Ang. of Commut. 34 o. to. 9.924422 
Is to Sin. of Ang. of Elong, 37.31.41. 9.785.053 
So is Tang. of Inclination- 11.46.44. 9.219.161 


To Tang. of Latitude (8.3 6.09.) 9.179.791 


* At the Inſtant of Time ſpecified in the firft 
„ Example, ' twas obſerv'd (at London) that the 
Comet applied to the ſecond Star of Aries ; fo 
* thac me was found to be 9“ core Northerly, 
4 and 3. to the Eaſt, according to Dr. Heook's Ob- 
i ſervation, But at that of the ſecond Example, 
as my ſelf (near London, with the fame Inftru- 
© ments whereby I formerly obſerv'd the Southern 
r - Conſtellations) found che Place of the Comet 


to be S, 5, 117, and 289, g. North Latitude, 


« * which agreed exactly with the Obſervation 

e Made at Greenwich, almoſt at the very ſame Mo» 
. mene.. ©: 

., © As for the Comet of hs Year 1680, which 

., came almoſt to the very Sun it ſelf (being in its 

a Perihelion, not above one third of the Semidia- 

meter of the Sun diſtance from the Surface of it,) 

4 ſince the Lats Rectum of its Orb is ſo very ſmall; 

ir could hardly be contained within the * 

F 


f 2 


—— 
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of the General Table, becauſe of the exceſflive 
*© Velocity of the Mean Motion. Wherefore in 
* this Comet, the beſt way will be ( after the 
Mean Motion is found) to get from thence (by 


the help of the foregoing Equation z3 + 12=— 


© of the Mean Motion) the Tangent of half the 
* Angle from the Perihelion, together with the 
** Log: for the Diſtance from the Sun. Which be- 
ing found, we are to proceed by the ſame Rules, 
© as in the reſt. | 

* After this manner therefore, the Aſtronomi- 
cal Reader may examine theſe Numbers, which 
** I have calculated with all imaginable Care, from 
the Obſervatjons I could meet with. AndI 
* have not thought fit to make them publick be- 
** fore they have been by my ſelf duly examin d, 
* and made as accurate as 'twas poſlible, not with- 
* out the Labour of many Years. I have publiſh'd 
this Specimen of Cometical Aſtronomy, as 2 
* Prodromus of a future Work I have in deſign, 
* left, happening to be prevented by Death, 
*© theſe Papers might chance to be loſt, which e- 
** very Man would not be capable to retrieve, by 
* reaſon of the great Difficulty of the Calculation. 

* Now it may not be amiſs to put the Reader 
* in mind, that our five firſt Comets, (the third 
* and fourth obſery'd by Peter Apian, the fifth by 
IA Paulus Fabricius) as alſo the tenth, ſeen by Mef- 
ia, if I miſtake not, in the Year 1596, are not 
* ſo certain as the reſt; for the Obſervations 
* were made neither with ſufficient Inſtru- 
ments, nor due Care, and upon that account are 
*© diſagreeing with themſelves, and can by no 
5 means be reconcil'd with a regular Computus 
The Comet which appear'd in the Year 1684, 
** was only taken notice of by Blanchinus, who 
S obſerved it at Rome : And the laft, which ay 
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© pear'd in the Year 1698, was ſeen only by the 
% Parifian Obſervers, who determin d its fo 
* after a very uncommon mater. This Comet 
© was 2 very obſcure one, and altho ic mov'd 
* ſwift, and came near enough to our Earth; yet 
* we, who are wont not to be incurious in cheſE 
* Matters, faw nothing of it. For want of Ob- 
* ſervations, I have alſo left out of the foregoin 
* Caralogue, thoſe two remarkable Comets whic 
have appear'd in this our Age, one in Nowint- 
* ber in the Year 1689, the other in Febraary iti 
* the Year 1702. For they directing their Cour- 
** ſes towards the Southern Parts of the Wold, 
* and being ſcarce conſpicuous any where: it 
Europe, met with no Obſervers proper for the 
** purpoſe. But if any one ſhall bring ſrom Ii, 
* or the Southern Parts, an accurate Series of Ob- 
© ſervations, I will willingly fall to work again, 

and undergo the Fatigue of repreſenting aheir 
Orbits in Numbers, as I have done the reſt. 
„ © By comparing together the Elements of the 
„ Motions of theſe Comets, tis apparent, their 
Orbits are diſpos'd in no manner of Orderg nor 
., can they, as the Planets are, be comprehended 
, within a Zodiac; moving indifferentiy every 
% WAY, as well retrograde as direct; from whence 
., it is clear, they are not carty d about or mov d 
4e in a Vortical Syſtem. Moreover, the Diſtances 
., In their Perihelia are ſometimes greater, fume- 
times leſs; which makes me ſuſpect, there may 

. be a far greater Number of them, Which ma 
move in Regions more remote from the fun, 

., And being therefore very obſcure; and wantin 

Tails, may paſs by us unſeen; | oe fn 
„ © Hitherto I have conſider'd the Orbits oſ Co- 
., ets as exactly Parabolic; upon which Suppo- 
. ſition it wou d follow, that Comets being im- 
pell'd towards the Sun by a Centripetal Force, 
Ff z _ © would 


1 eee of the. 


5, would deſcend as from Spaces infinitely diſtant, 
«and by cheir ſo falling acquire ſuch a Velocity, 
8 as that they may again fly off into the remote 
% Parts of the Univerſe, moving upwards with a 
« perpetual Tendency, ſo as never to return again 
5 to the Sun. But ſince they appear frequently 
©, enough, and ſince none of them can be found 
;, to move with an Hyperbolic Motion, or a Mo- 
= tion ſwifter than What 2 Comet might acquire 
by its Gravity to the Sun, tis highly probable 
* they rather move in very Eccentric Elliptic Or- 
« bits, and make their Returns after Jong Periods 
© of Time: For ſo their Number will be determi- 
= nate, and, perhaps, not ſo very great. Beſides, 
the Space berween che Sun and the Fix d Stars is 
bs * ſo immenſe, that there is room enough for 1 
Comet to revolve, tho' the Period of us Revo- 


cy 4 lution be vaſtly long. Now, the Latus Rectum of 


* * an Ellipſis, is to the Latus Rectum of a Parabola, 
4 Which has the ſame Diſtance in irs Perihelium; 

2 _— che Diſtance in the Aphelium in the Ellipſis, 
6 is to the whole Axis of che Ellipſis. And the Ve. 
locities are in a Subduplicate Ratio of the ſame: 

* Wherefore i in very Excentric Orbits the Ratio 

5 comes very near to a Ratio of Equality; and the 
© very {mall difference which happens on account 
of the greater Velocity in the Parabola, is eaſily 

* compenſated i in determining the Situation of the 

„ Orbir. The principal Uſe therefore of this Table 

4 of che Elements of their Motions, and that which 
„ indeed induced me to conſtruct it, is, that when: 
erer a new Comet ſhall appear, we may be 2- 

5 * ble to. know, by comparing together the Ele- 
ments, whether it be any of thoſe which has 

is „ appear d before, and conſequently to deter- 
0 mine its Period, and the Axis of its Orbit, 
7 and to foretel its Return. And, indeed there 
0 5 "many things which make me believe che 


«c 
c 


* — — — — 
e 
Dd aa A i A. — 8 


— 
* 


— — 
1 


— 
* 
92e. eee = fr oo .= 


el = r WT” oo 


Aſtronomy. of C OMETS. 439 


* the Comet which 4pian obſerv'd in the Year 
* 1531, was the ſame with that which Kepler and 
* Longomontanus more accurately deſcrib'd in the 
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Year 1607; and which I my ſelf have ſeen re- 
turn, and obſerv'd in the Year 1682. All the 
Elements agree, and nothing ſeems to con- 
tradi this my Opinion, belides the Inequality 
of the Periodic Revolutions. Which Inequality 
is not ſo great neither, as that it may not be 


* owing to Phyſical Cauſes, For the Motion of 


Saturn is ſo diſturbed by the reſt of the Planets, 
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* eſpecially Jupiter, that the Periodic Time of 


00 


that Planet is uncertain for ſome whole Days to- 
gether. How much more therefore will a Co- 
met be ſubjeR to ſuch like Errors, which riſes 
almoſt four times higher than Saturn, and whoſe 
Velocity, tho increaſed but a very little, would 
be ſufficient to change its Orbit, from an Ellip- 
tical to a Parabolical one. And I am the morg 
confirmed in my Opinion of its being the fame ; 
for that in the Year 1455, in the Summer-time, 
a Comet was ſeen paſſing Retrograde between 
the Earth and the Sun, much after the ſame 
manner: Which tho* nobody made Obſervations 
upon it, yet from its Period and the manner of 
its Tranſic, I cannot think different from thoſe 
I have juſt now mention d. And ſince looki 

over the Hiſtories of Comets I find, at an . 
Interval of Time, a Comet to have been ſeen a- 
bout Eaſter in the Year 1305, which is another 
double Period of 151 Years before the former: 
Hence I think I may venture to foretel, that it 


will return again in the Year 1758, And, if it 


«c 


ſhould then ſp return, we ſhall have no reaſon to 
doubt but the reſt may return alſo: Therefore 
Aſtronomers haye a large Field wherein to exer- 
ciſe themſelyes for many Ages, before they will 
be able to know the Number of theſe many and 

e, nntbng 
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I great Bodies revolving about the common Cen- 

ter of the Sun, and to reduce their Motions to 
certain Rules. I thought indeed that the Comet 
which appear'd in the Year 1522, might be the 
ſame with that obſerv'd by Heveliu in the Year 
1661. But Apian's Obſervations, which are the 
only ones we have concerning the firſt of theſe 
Comets, are too rude and inaccurate for any 
thing of certainty to be drawn from them, in ſo 
nice a matter. But as far as probability from the 
equality of Periods, and ſimilar appearance of 
Comets, may be urged as an argument, the late 
* wondrous Comet of 168?, ſeems to have been the 
* ſame, which was ſeen in the Time of our King 
Henry I. Anno 1106, which began to appear in the 
© Weſt about the middle of February, and continu- 
ed for many Days after, with ſuch a Tail as was 
© ſeen in that of 168?. And again in the Cor- 
© ſulate of Lampadim and Oreftes, about the Year 
* of Chriſt 531, ſuch another Comet appeared 
in the Weſt, of which Malela, perhaps an Eye- 
witneſs, relates that it was was Y poCeess, 4 great 
* and fearful Star; that it appeared in the Weſt, and 
* emitted upwards from it a long white Beam; 
and was ſeen for 20 Days. Ir were to be wiſh 
** the Hiſtorian had told us what Time of theYear 
« it was ſeen ; but *tis however plain, that the 
* Interval between this and that of r106, is near- 
© ly equal to that between 1106 and 1687, vis 
* about 575 Years. And if we reckon*backward 
* ſuch another Period, we ſhall come to the 
* 44th Year before Cbriſt, in which Julius Caſs 
* was murder'd, and in which there appear d! 
every remarkable Comet, mentioned by almoſt 
e all the Hiſtorians of thoſe Times, and by Plin 
&* in his Natural Hiſtory, /ib. 1 1. e. 24. who recites 
* the Words of Auguſtus Ceſar on this Occaſion, 


& which lead us to the very Time of its Appeal .; 
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e ance, and its Situation in the Heavens. Theſe 
* Words being very much to our purpoſe, it may 
* not be amiſs to recite them. In ipſis Ludorum me- 
rum diebus, ſydus crinitum per ſeptem dies, in regione 
© Celique ſub Septentrionibus,eſt conſpectum. Id orieba- 
ter cirea undecimam boram diei, clarumq; & omnibus 
* terris conſpicuum fuit. Now theſe Ludi were de- 
* dicated Veneri genetrici, (for from Venus the Ca- 
* ſars would be thought to be deſcended,) and be- 
* gan with the Birth-day of Auguſtus, viz. Sept.23. 
* (as may be collected from a Fragment of an 
„Old Roman Calendar extant in Gruter, pag. 135.) 
and continued for 7 Days, during which the Co- 
met appeared. Nor are we to ſuppoſe that it was 
* ſeen only thoſe 7 Days, but poſſibly both before 
* and after. Nor are ye to interpret the Words 
* ſub Septentrionibus, as if the Comet had appear d 
in the North, but that it was ſeen under the Sep- 
tem triones, or brighter Stars of Urſa major. And 
Vas to its riſing Hora undecima diei, it can no ways 
be underſtood, unleſs the word dies be left our, 
* as it is by Swetonius ; for it muſt have been very 
far from the Sun, either to riſe at Five in the 
Afternoon, or at Eleven at Night; in which 
” Caſes it muſt have appeared for a long time, and 
its Tail have been ſo little remarkable, that 
it could by no means be call'd, Clarum & om- 
nibus Terr conſpicuum Sydus. But ſuppoſing this 

s Comet to have traced. the ſame Path with that 
of the Year 1680, the aſcending part of the Orb 
. will exactly repreſent, all that Auguſtus hath ſaid 
concerning it; and is yet an additional Argu- 
„ ment to that drawn from the Equality of the 
Period. Thus tis not improbable but this Co- 
met may have four times viſited us at Intervals 


of about 575 Years: Whence the Tranſverſe 


Diameter of its Elliptic Orb will be found 


c 


. V'575x575 times greater than the annual Orb; 
* or 
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* or 138 times greater than the mean Diſtanc ll « 
'* of the Sun; which Diftance, tho' immenſely Ml © 
FE great, bears no proportion to that of the Fu 
ears, | 
J have lacey found ont a ready Method to Ml © 
** compute the Motion of Comets in theſe Ellip. MW © 
_ * tic Orbs, of which perhaps ſnortly we may ex. Ml © 
** hibit a Specimen, giving this Comet for an Ex. Ml © 
* ample. In the mean time, thoſe that deſire to Ml © 
„know how to conſtruct Geometrieally the Orb Wl © 
of a Comet, by three accurate Obſervations gi. 
ven, may find it at the End of the 3d Book of 
* Sir Iſaac Newton's Principles of Natural Philoſo- 
* phy, entituled De Sy/kemate Mundi, in the Words 
* of its renowned Inventor. Which have ſince been 
* more fully explain'd by my very worthy Col- 
* legue Dr. Gregory, in his learned Work of Ar- 
* nomia Phyſica & Geometrica. N 
* One thing more perhaps it may not be im- 
proper or unpleaſant to advertiſe the Aſtrono- 
** mical Reader; That ſome of theſe Comets have 
their Nodes ſo very near the Annual Orb of the 
Earth, that if ic ſhall ſo happen, that the Earth 
be found in the.Parts of her Orb next the Node 
* of ſuch a Comet, whilſt the Comet paſſes by; 
* as the apparent Motion of the Comet will be 
* incredibly ſwift, ſo its Parallax will become 
very ſenſible; and the proportion thereof to 
* that of the Sun will be given. Wherefore ſuch 
* Tranfits of Comets do afford us the very bell 
* means, tho' they ſeldom happen, to determine 
the Diſtance of the Sun and Earth: Which hi 
** therto has only been attempted by Mars in his 
„ Oppoſition to the Sun; or elſe Venus in Peri- 
© gzo, whoſe Parallaxes, tho' triple to that of the 
* Sun, are ſcarce any ways to be perceived b 
* our Inſtruments ; whence we are ſtill in great 


* Uncertainty in that Affair. This Uſe of Comes 
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nce Ml © was the ingenious Thought of that excellent Ge- 
ſely “ ometrician Mr. Nicola Fatio. Now the Comet 
n © of 1472, had a Parallax above twenty Times 

greater than the Sun's. ” And if the Comet of 
! co Ml © 1618, had come down, about the middle of March, 
lip- MW © co his deſcending Node; or if that of 1684, 
ex- Wl ©* had arriv'd a little ſooner at its aſcending Node, 
Er. © they would have been yet much nearer the 
: to Ml © Earth, and conſequently have had more notable 
Ib WM Parallaxes. But hitherto none has threaten'd the 
gi. MW © Earth with a nearer Appulſe, than that of 1680. 
of WM © For by Calculation I find, that Novemwb. 11, 1b, 
o. © 6, P. M. that Comet was not above the Semi- 
ds diameter of the Sun to the Northwards of the 
een “ Way cf the Earth. At which time, had the 
o Earth been there, the Comet would have had 
h. „ a Parallax equal to that of the Moon, as I 
| „ take it. This is ſpoken to Aſtronomers: But 
m- „ what might be the Conſequences of ſo near 
no- an Appulſe ; or of a Contact, or, laſtly, of a 
Ve - Shock of the Celeſtial Bodies, (which is by no 
the W * means impoſſible to come to paſs,) I leave to 
th * be diſcuſs d by the Studious of Phyfical Mat- 


ode WM © ters. 
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